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Get the picture? Get the message? 


You get both with Raytheon’s latest generation 
TDU-850 Thermal Recorder. The TDU produces 
continuous tone, high quality images in up to 256 
shades of grey. Or — it doubles as an ASCII printer 
(using Raytheon’s new IEEE 488 interface) and 
turns out crisp, letter quality alphanumerics. 

The TDU makes high resolution hard copy 
recordings at high speeds on paper, plastics and 
transparencies. Optional interfaces accommodate 
video, IEEE 488 and other formats. Prints to 8‘/$ 
inch width. (Inquire about 12-inch version.) 

Design modifications are available to meet 
individual application requirements. Typical uses 
include: aerial surveillance, equipment testing, 
hydrographic surveys, security systems, R&D 
programs and meteorological reporting. Today’s 
most versatile thermal recorder, still for under 
$5000. 

Make hard copy easy. Call or write Marketing 
Manager, Recorder Products, Raytheon Company, 
Submarine Signal Division, 1847 West Main Road, 
Portsmouth, RI 02871-1087. Phone: (401) 847-8000. 



Raytheon 


Left. High altitude surveillance. 

Right. Alphanumeric data presented in a random format. 
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Before he pushes the edge, 

IBM takes you beyond it. 

From miles away and thousands of feet below, you know exactly what he’s feeling. 

Using an IBM 3090 with supercomputer power, you’ve pushed your design through 
relentless iterations of finite element modeling and fluid dynamics analysis. You’ve 
defined the edge. 

The IBM 3090 with Vector Facility, for its part, has redefined supercomputer 
performance, combining up to six vector processors with one of the industry’s fastest 
scalar processors and most efficient memory management systems, parallel processing 
capabilities, and full IBM System /370 compatibility. 

The result is balanced supercomputer performance that can improve your job 
turnaround by eliminating data bottlenecks, and save the added expense of a separate 


front-end processor. Plus, the IBM Vector Facility’s modular design lets you start with just 
the computer power you need today, and make economical in-field upgrades as your 
needs grow. And that gives the IBM 3090 VF a big edge over more expensive and less 
flexible vector processors. 

IBM’s integrated system approach combines the power of the IBM 3090 VF with the 
advantages of a single operating environment, low entry cost, low software and 
maintenance costs, a wide variety of application programs, and IBM support to create a 
winner in total cost-of-computing. 

To find out more, or to arrange to have your IBM Marketing Representative contact 
you, simply call 1-800-1 BM-2468, ext 20. =• 


© IBM 1989 


Composite Testing Solutions 

Acoustic Emission (AE), the real-time NDT technology that “listens,” is the answer 
to testing today’s advanced composites. Physical Acoustics, a world leader in 
AE instrumentation, has developed solutions to your testing problems. 


ON-SITE INSPECTION 



Consistent, quick and easy detection of 
impact damage, delaminations and other 
structural anomalies -that’s DCAT. The hand 
held probe with rolling sensors lets your 
technicians scan areas from one side without 
sensor cou plant. 


CURE MONITORING 



From initial heat-up, through final cool down, 
AE provides complete process information on 
viscosity and cool down stresses. 


DAMAGE ASSESSMENT 



Don’t lose an expensive prototype by 
overloading. AE locates cracks before they 
can be seen, so you can terminate the test 
before it’s too late. 


THE SOLUTION 



The LOCAN AT represents the State-of-the-Art 
in AE instrumentation. This multichannel AE 
microprocessor operates under MS-DOS™ 
and provides an extensive range of Real Time 
analysis graphs. Its menu driven software 
makes the LOCAN AT an ideal tool for either 
the scientist or the technician. 

Give us a call. We have the instrumentation 
and the technical expertise for your com- 
posite testing problems. Solutions, that’s what 
we at Physical Acoustics are committed to. 



PHYSICAL 

ACOUSTICS 

CORPORATION 


MS-DOS is a trademark of Microsoft Corp. 


HQTS: PO Box 3135, Princeton, NJ 08543 • (609) 896 2255 • Telex 67 17731 • FAX (609) 895 9726; 
Dunegan-PAC Ltd. Norman Way, Over, Cambridge, CB45QE, UK* (44)954-31612* Telex (851) 81386* 
FAX (44) 954 31 102; EuroPhysical Acoustics S.A. 74, rue des Grands Champs 75020, Paris, France* (33) 
(14) 356 2210* Telex (842) 220754; Nippon Physical Acoustics 8F. OkamotoL.K. Bldg 2-17-10, Higashi, 
Shibuya Ku, Tokyo 150, Japan • (81) (3) 498 3570 • Telex (781) 33656 • FAX (81) (3) 498 8450 


The Integrated NDT People 
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Clearpoint SNME-350 

The Only Plug-in Alternative 
for Your Sun 3/50 



CLEARPOINT 


Warrantee*! for Life! 


The Winning Solution ... 

Check out the advantages of 
Clearpoint's memory solution for the 
Sun 3/50. Plug-in modules mean no 
soldering, and that means a cleaner, 
easier installation. Expensive and 
time-consuming installation delays 
aren't acceptable solutions. Clearpoint 
offers the user-installable SNME-350, 
complete with installation guide, 
optional toolset, and a step-by-step 
instruction video. Or choose our 
authorized depot or on-site installation 
options. Flexibility, service, reliability - 
you win with Clearpoint. 

for Your Sun 3/50. 

Tired of waiting for hard disk accesses 
under Sun’s version 4.0 operating 
system? Increase your 4 MB system 
memory with Clearpoint's SNME-350/ 
4MB or SNME-350/8MB. Your Sun 
3/50 will rival 3/60 performance! Keep 
pace with Sun software enhancements 
while avoiding costly hardware 
upgrades. 


The Clearpoint Difference! 

What separates Clearpoint from the rest 
of the pack? 

•Unconditional lifetime warranty on 
every product 

•24'hour repair/replacement guarantee 
•Guaranteed customer satisfaction 


OTHER PRODUCTS FOR SUN 
WORKSTATIONS 

□ SNXRAM ( for Sun 3/1 XX): Fits up 
to 28 MB in one slot. Using one- 
megabit DRAM technology, 
SNXRAM gives you the highest 
density plus increased reliability. 


through consultation and our 24'hour 
technical support hotline. 

•Superior, innovative add-in design 

1 -800-CLE ARPT 



□ SNX2RAM (forSun3/2XXand 
4I2XX): Up to 32 MB on one board. A 
microprocessor-controlled “diagnostics 
hotline” is included for local or 
remote diagnostics. 

□ SIMMs (for Sun 3/60, 4/1 10 and 
386i): Available in 1 MB SIMMs with 
a megabit DRAM for parity checking, 
in sets of 4 or 16. 


CLEARPOINT 


CLEARPOINT RESEARCH CORP. 
99 South Street 
Hopkinton, MA 01748-2204 
1 -800-CLEARPT (508)435-2000 
Telex: 298281 CLEARPOINT UR 
Clearpoint Europe B.V. (31) 23-2 73744 
Clearpoint Canada (416) 620-7242 
Clearpoint Asia (03) 221-9726 


Call for the 1989 
edition of the 
“Designer's 
Quidc to Add-in \ 
Memory our 
1989 Product 
Catalog and the 30- 
minute Clearpoint 
video demonstrating 
how Clearpoint 
memory makes a 
critical difference. 
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Clearpoint is a registered trademark of Clearpoint Research Corporation. Sun is a trademark of Sun Microsystems, Inc. 
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NASA engineers are using ultrasonic Imaging to detect slight 
defects In ceramic materials. The image above reveals subtle 
variations in the porosity of a ceramic part. See page 60. 

(Photo courtesy NASA) 
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bearing Journal during 
hlgh-temperature testing. 
Turn to page 10. (Photos 
courtesy NASA) 
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A composite engine piston 
developed at NASA’s 
Langley Research Center 
could effect a $7 billion 
annual fuel savings In the 
U.S. Seepage 14. (Photo 
courtesy NASA) 
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If you’re chasing complex problems, 
here’s a simple solution. 



The Hughes Probeye® 7300 thermal video 
system. Powerful, portable, precise. It combines 
the best features ever developed for thermal ana- 
lysis into one compact package. Over 100 func- 
tions give it the widest range of problem-solving 
applications. The examples shown above are from 
the hundreds documented by Hughes. 

Operation is simple. Just point the imager, 
and your problem is identified. 

Not only do you have 
the highest resolution 
real time thermal 
images available 
displayed in up to 
128 colors; you 
can also immediately 
select, quantify, 
analyze and store 
the information. 


And— most importantly— understand it. 

All-electric operation means no danger or 
inconvenience from liquid nitrogen. It runs on either 
ac or battery power. Fully automatic operation means 
no exhaustive training process. The system includes 
both a portable imager with CRT viewfinder and a 
high-resolution RGB color monitor. 

No separate PC is required, 
because the image processing 
capability is built in. 

For details, specifications 
and a hands-on demonstra- 
tion, call or write today. 
Hughes Aircraft Company, 
Probeye Marketing 
2051 Palomar Airport 
Road, Carlsbad, CA 92009, 
(619) 931-3617. 


HUGHES 
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For more than 20 years, 
Scientific-Atlanta has set the industry 
standard for telemetry receiving sys- 
tems. Our microprocessor controlled 
Series 930 Receiver raises the standard 
still higher, with standard features our 
competitors consider options. And 
with greater ease of operation. 

930 Receiver Performance 
Advantages: 

■ Menu-driven push button control 
of data entry, status displays, and 
options. Non-volatile memory 
stores current plus 10 programs. 

■ Internal module Spectrum Display 
Unit with the signal displayed on 
the LCD screen. 

■ Simultaneous installation of two 
front panel plug-in demodulators 
(FM/PM/BPSK) or one demodulator 
and a record translator. 

■ State-of-the-art lew phase noise per- 
formance, stability and coherence. 

■ Front panel plug-in record transla- 
tor and playback translator cover 
all standard IRIG plus any frequency 
between 100 kHz and 4.0 MHz. 

■ Space saving design simultaneously 
houses an SDU, tuner, demodula- 
tor, record and playback translators 
-ail with remote control access. 



The Series 930 Telemetry Receiving 
System From Scientific-Atlanta- 
Superior Performance and Superior Value. 

Series 



IT SIMPLY 

PERFORMS 

BETTER. 



MODEL 

934*3 

PRE-0 

RECORD 

XLATOR 



SERIES 930 TELEMETRY RECEIVER 


Scltntific-Atlanta 







■ Full range of options and 
accessories. 

930 Diversity Combiner 

Advantages: 

■ Only combiner capable of main- 
taining data lock through signal 
fade or doppler shift in phase 
modulated telemetry. 

■ Phase noise performance unsur- 
passed in the industry. 

■ Real-time demodulation of the 
combined IF signal in the combiner. 

■ Processes each channel equally, 
eliminates a master/slave configu- 
ration and related loss of data lock. 

■ Wideband AM/AGC optimal 


weighting on both pre- and post- 
detection combined signals. 

Add up the advantages and 
compare the costs, and in the end 
there is really no comparison. The 
Series 930 has more to offer in 


performance and value. 

For additional information, 
call (404) 449-2812. Or write: 
Scientific-Atlanta, Electro-Products 
Division, 3845 Pleasantdale Rd., M/S 
ATL-10E, Atlanta, GA 30340. 



-Scientific- 

Atlanta 

ELECTRO-PRODUCTS DIVISION 


Our customers are the winners. 
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NASA’s Inventor 


Of The Year 



A gas bearing jour- 
nal coated with 
PS200 (left) and 
finished by dia- 
mond grinding 




A novel composite coating de- 
signed to boost the perfor- 
mance of advanced automobi le 
and aircraft engines has earned veteran 
scientist Harold E.Sliney NASA’s 1989 
Inventor of the Year Award. Dubbed 
PS200, the self-lubricating coating en- 
ables the use of sliding contact bear- 
ings and seals with low friction and 
wearoverawidetemperaturespectrum 
up to 900 °C. By comparison, conven- 
tional solid lubricants such as molyb- 
denum disulfide and graphite are only 
effectiveto500°C. 

“Difficulty in lubricating sliding con- 
tacts at extreme temperatures has 
been a major obstacle to the develop- 
ment of more fuel efficient heat en- 
gines such as the adiabatic diesel and 
the Stirling engine,” said Mr. Sliney, a 
Senior Scientist in the Surface Science 
Branch at NASA’s Lewis Research 
Center. “No single solid lubricant will 
work from a cold start condition up to 
the maximum temperatures antici- 
pated for these engines. This tech- 
nology challenge drove me to create 
the PS200 series of composites.” 
Sliney’s invention offers the versatili- 
ty othersolid lubricants lack; it is lubri- 
cative from room temperature or lower 
to 900°C over repeated temperature 
cycles. Furthermore, PS200’s compo- 
nents have the necessary thermo- 
chemical stability to be used in a hot 
reducing atmosphere, as found in 
Stirling engines that contain hydrogen 
gas as the working fluid, or, converse- 
ly, in the oxidizing environment of 
diesel or gas turbine engines. 

The patented composite consists of 
a nickel alloy-bonded chromium car- 
bide matrix with dispersed particles of 
silver and calcium fluoride-barium 
fluoride eutectic. An extremely hard 
substance, chromium carbide provides 
outstanding wear resistance. Silver and 
the fluorides, on the other hand, are soft 
materials that act synergistically to 
reduce friction by forming low shear 
strength films on sliding surfaces. The 
ratio of carbide to lubricant additives 
can be tailored to the needs of the 
specific application, Sliney said. 
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Harold Sliney displays a 
Stirling engine cylinder 
coated with PS200. 


Lewis Scientist Honored For 
Versatile Composite Coating 




Lewis' Karate Kid 

Over the span of four decades, 
Harold Sliney has turned the 
challenging science of high- 
temperature lubrication into an art 
form. The Lewis scientist holds 
seven patents for innovative 
material mixtures, and has au- 
thored more than 70 articles and 
paperson solid lubrication. Sliney’s 
creativity has earned him NASA’s 
Exceptional Service Medal and a 
fellowship in the Society of 
Tribologists and Lubrication 
Engineers. 

“Since I was a young boy I’ve 
been fascinated with both aviation 
and chemistry,” he said. “I feel for- 
tunate to have found a career that 
combines the two.” 

After graduating from John 
CarrollUniversity in 1955 with an 
M.S. in Chemistry, Sliney joined the 


The blended powders are plasma- 
sprayed onto the target surface and 
then diamond-ground to the desired 
coating thickness. “We’ve put a lot of 
effort into improving process control 
and finishing methods in order to 
achieve a reproducible product,” the 
61-year-old inventor stated. “For in- 
stance, we’re using x-ray imaging to 
closely monitor and analyze the coat- 
ing’s chemical composition im- 
mediately after spraying.” 

PS200 can also be made into free- 
standing parts via powder metallurgy 
techniques such as sintering and hot 
pressing. Bushings and seals formed 
from the composite should enable the 
application of variable pitch stator 
vanes in the turbine section of gas tur- 
bine engines. “I’m confident PS200 has 
the high-temperaturedurability needed 
to survive turbine applications,” Sliney 
said. 

Up To The Test 

Sliney’s invention has been tested 
successfully as a backup lubricant for 
hot gas bearing in turbomachinery and 
asacylinderlinercoatinginan external 
combustion Stirling engine. Foil bear- 
ings with PS200-coated journals have 
endured tests consisting of 10,000 
starts and stops at bearing temper- 
atures from 25 to 650°C. 

As part of the NASA/Department of 
Energy Automotive Stirling Engine 
Project, aStirling’s cylinder walls were 
coated with PS200 and tested at an up- 
per cylinder temperature of 760°C. 
“Ourexperiments with theStirling have 
demonstrated that a piston engine can 
operate at high temperatures with ab- 
solutely no oil lubrication in its 
cylinders,” Sliney said proudly. 

In current Stirling designs, polymer 
piston rings are located in a cool area 


Lewis Center’s Lubrication 
Research Branch (now called the 
Surface Science Branch) and began 
developing solid lubricants for pro- 
pulsion systems. “My early days at 
Lewis were especially exciting 
because we were on the threshold 
of space exploration,” recalled 
Sliney. “Our orientation was 
towards long-term research that 
would advance an entire body of 
knowledge, as opposed to today’s 
climate where research is usually 
tied to a specific project with a set 
timeframe.” 

Sliney said his greatest satis- 
faction comes from working with 
young scientists. “I believe we have 
to continually build forthe future. 
That’s why I’ve made it a part of my 
job to help young professionals 
learn the business and become 
able researchers. Over the years 
I’ve taken about 15 young men 


under my wing, and when they’ve 
gone on to become successful I’ve 
felt a kind of fatherly pride.” 

His role as an educator extends 
beyond tribology to the Martial 
Arts. A black belt in karate, Sliney 
teaches a weekly karate class at the 
Lewis Center for employees and 
theirfamilies. “I like karate because 
it’s both physically and mentally 
challenging,” he said, adding “I’m 
drawn to challenges, especially in 
my work. There’s a constant 
challenge to improve upon existing 
technology.” 

Away from Lewis, Sliney is the 
quintessential family man. “My life 
primarily revolves around my wife, 
my five children, and my nine grand- 
children,” he explained. “I look for- 
ward to spending time with them, 
seeing their smiling faces. Com- 
pared with that, everything else in 
life finishes adistant second.” □ 


near the bottom of the pistons because 
they cannot handle the heat in the up- 
per cylinder region. The extra protec- 
tion provided by the Lewis coating will 
allow the rings to be moved to a hot 
zone on top of the pistons, which 
should improve engine performance by 
about seven percent, according to 
William Tomazic, Stirling Project 
Manager for the Lewis Center. 

“A considerable amount of power is 
lost in the gap between the top and bot- 
tom of the piston,” explained Mr. 
Tomazic. “By installing a ring near the 
top of each piston dome we can seal 
the gap and thereby boost engine 
power.” 

NASA also hopes to apply the com- 
posite coating to a Stirling “free 
piston” variant being developed to 
generate electricity aboard the Space 
Station Freedom. 

Further, Sliney’s invention could be 
employed as a lubricant forthe sliding 
contacts in propulsion systems and 
airframes of supersonic and hyper- 
sonic aircraft. The Boeing Company 
plans to evaluate PS200-coated con- 
trol surface seals, bearings, and en- 
gine inlet ramp seals for the National 
Aero-Space Plane. 

Second Generation 

PS200 evolved from a group of com- 
posites Sliney developed during the 
1970’s, called the PS100 Series, which 
contains a nichrome matrix with silver 
and fluoride additives. “PS100 is a 
relatively soft material useful in situa- 
tions where the sliding velocities are 
very low and the loads very light,” 
explained Sliney. “But I wanted a lubri- 

Sliney’s innovative coating blends 
chromium carbide for wear resistance, 
silver for lubrication up to 500°C, and 
calcium fluoride-barium fluoride eutectic 
for lubrication from 500-900°C. 


cant with superior wear resistance, 
which meant finding a harder matrix 
material. I chose chromium carbide 
because its oxidation-resistance is 
better than that of other carbides 
such as tungsten and titanium, and 
because chromium is a readily avail- 
able material.” 

Since the first research reports of 
PS200 were presented in 1986, more 
than 1,000 requests for information 
have been generated from a variety of 
industries worldwide. NASA is now 
negotiating with four metallizing com- 
panies interested in licensing the 
patent. 

Mr. Sliney had previously received 
the NASA Space Act Award for his 
invention. NASA’s Inventions and 
Contributions Board judged it to be 
a “significant accomplishment in 
aerospace technology.” With this 
latest accolade, Sliney automatically 
qualifies as NASA’s nominee to the 
National Inventorof the Year competi- 
tion, sponsored by the Intellectual 
Property Owners, Inc., of Washington, 
D.C. The winner — to be selected from 
approximately 100 industry and govern- 
ment nominees nationwide — will be 
announced in April. □ 
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The '89 inventor Ol 
The Year Nominees 

NASA's Office of General Counsel, sponsor 
of the agency's Inventor of the Year competi- 
tion, selected Harold Sliney's composite 
coating from a field of ten nominee inven- 
tions, each patented and/or commercially 
available during 1988. The other finalists' in- 
novative work — which spans such disciplines 
as avionics, microelectronics, materials 
science, test and measurement, and telecom- 
munications — is described on the following 
pages. 



Dr. John H. Crews 
Aerospace Technologist 
Langley Research Center 


Dr. Crews’ entry, the Bearing-Bypass Materials Testing 
System, will enable engineers to address a long-standing 
and serious design problem: the failure of mechanically 
fastened joints in composite structures due to complex 
loads and geometric discontinuities. Design and analysis 
of these joints are complicated by the uncertainty of the 
redundant load paths, the nonlinear load behavior, and 
by the heterogeneous nature of composite materials. To 
compensate for these uncertainties, engineers usually 
take a conservative design approach and heavily reinforce 
the laminates near the joints. 

Dr. Crews’ research, which has focused on inves- 
tigating composite joint damage under the combined ac- 
tion of bolt/hole bearing loads and joint bypass loads, 
should lead to more efficient joint designs. 

Within a structural joint, fastener holds can be sub- 
jected to the combined effects of bearing loads and loads 
that bypass the hole. The ratio of the bearing load to 
bypass load depends on the joint stiffness and form. As 
the joint is loaded, this ratio remains nearly constant until 
damage develops in the material. Dr. Crews’ invention 
employs two hydraulic servo-control systems synchro- 
nized to apply proportional bearing and bypass loads to 
a laminate with a central hole. Unlike present bearing- 
bypass test methods, which either are limited to tensile 
loading or cannot maintain constant bearing-bypass load 
ratios throughout testing, the new invention works equal- 
ly well in tension and compression while keeping a con- 
stant bearing-bypass ratio. 



Dr. Crews’ testing 
system will provide 
new Insight Into the 
mechanics of com- 
posite Joints. 
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Dr. Leonard A. Haslim 
Program Manager, 

Advanced Plans and Programs Office 
Ames Research Center 

Named last year’s top inventor for his electro-expulsive 
aircraft deicer, Dr. Haslim has earned another nomina- 
tion by creating an innovative seat cushion that offers 
a comfortable, lightweight, cost-efficient alternative to 
the polyurethane foam cushions now used in aircraft, 
automobiles, and many types of home furniture. These 
cushions support combustion and pose a toxic gas 
hazard when exposed to fire. Haslim’s improved model 
uses a fire-blocking configuration of self-extinguishing 
materials that produce virtually no hazardous fumes. 

The cushion contains a segmented tubular spring with 
an elliptical cross section. Formed from cured resin- 
impregnated fabric, the tube can be rapidly and 
economically produced by the pultrusion process. The 
spring assembly includes a group of parallel-arranged 
tubes with perpendicular slots that allow the tubes to 
nest within one another. An elastomeric material posi- 
tioned between adjacent tubes provides shock absorp- 
tion. Energy is dissipated when the elastomer is 
squeezed and pushed through holes in the tubes. 

The cushion’s “feel” can be adjusted by changing a 
tube’s axial dimensions and thickness, or by altering the 
number and location of tube slots. 

Haslim’s latest innovation has been licensed to the 
trading company that owns Bridgestone Tires. The first 
cushions manufactured by Bridgestone are slated for use 
in Toyota cars. General Motors Corp., interested in 
Haslim’s invention because it requires no metal parts, 
has asked NASA for a model demonstration. 



☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆ 



Dr. Robert J. Naumann 
Chief of the Low-Gravity 
Science Division 
Marshall Space Flight Center 


Dr. Naumann has designed a facility for processing 
materials in space under ultra-high vacuum conditions. 
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Ymr pad or ours? 


If you perform 
calculations, the answer 
is obvious. 

MathCAD 2.0. 

It’s everything 
you appreciate about 
working on a scratch- 
pad-simple, free-form 
math -and more. More 
speed. More accuracy. 

More flexibility. 

Just define your 
variables and enter your 
formulas anywhere on the screen. MathCAD 
formats your equations as they’re typed. 
Instantly calculates the results. And displays 
them exactly as you’re used to seeing them- 
in real math notation, as numbers, tables 
or graphs. 

MathCAD is more than an equation 
solver. Like a scratchpad, it allows you to add 


©1988 MdhSoft. Inc 


text anywhere to 
support your work, 
and see and record 
every step. You can 
try an unlimited 
number of what-ifs. 
And print your 
entire calculation as 
an integrated docu- 
ment that anyone 
can understand. 

Plus, MathCAD 
s loaded with powerful 
built-in features. In addition to the usual trig- 
onometric and exponential functions, it 
includes built-in statistical functions, cubic 
splines, Fourier transforms, and more. It also 
handles complex numbers and unit conver- 
sions in a completely transparent way. 

Yet, MathCAD is so easy to learn, you’ll 
be using its full power an hour after you begin. 

Requires IBM PC* or compatible, 512KB RAM, graphics card. 

IBM PC* International Business Machines Corporation. 

MathCAD* MaihSoft Inc 
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What more could you ask for? How about 
two new applications packs to increase your 
productivity? 

The Advanced Math Applications 
Pack includes 16 applications like eigenvalues 
and eigenvectors of a symmetric matrix, solu- 
tions of differential equations, and polynomial 
least-squares fit. 

The Statistics Applications Pack lets 
you perform 20 standard statistical routines such 
as multiple linear regression, combinations and 
permutations, finding the median, simulating a 
queue, frequency distributions, and much more. 

MathCAD lets you perform calculations in 
a way that’s faster, more natural, and less error- 
prone than the way you’re doing them now- 
whether you use a calculator, a spreadsheet, or 
programs you write yourself. So come on over 
to MathCAD and join 45,000 enthusiastic users. 

For more information, contact your dealer 
or call 1-800-MATHCAD (In MA: 617-577-1017). 

MathCAD 

MathSoft, Inc., One Kendall Sq., Cambridge. MA 02139 
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Useful for molecular beam epitaxy crystal growth and 
metals purification, the facility features a shell-shaped 
wake shield that would be attached to a robot arm and 
flown behind the Space Shuttle. The material to be pro- 
cessed is placed at the apex of the shield’s convex side, 
facing the wake direction, while the power supplies, elec- 
tronic support modules, control movement gyroscopes, 
and other support equipment are positioned in the ram 
direction on the concave side. 

This configuration eliminates a perpendicular view of 
any surface that could cause contamination, and prevents 
outgassing molecules from drifting behind the shield. 
Further, atmospheric molecules on the shield’s forward 
face cannot be re-emitted in the wake direction. This 
limits the backscatterof contaminants onto the subject 
materials. 

As a result of Dr. Naumann’s work, a Space Vacuum 
Epitaxy Center (SVEC) was established at the University 
of Houston. One of NASA’s 16 Centers for the Commer- 
cial Development of Space, the SVEC is developing a 
prototype processing facility in conjunction with Space 
Industries, Inc. of Webster, TX. 



In the wake of 
the convex 
shield, a void 
would be created 
where electronic 
materials could 
be produced In 
commercial 
quantities. 




Dr. Benjamin Seidenberg 
Physicist/Aerospace Technologist 
Goddard Space Flight Center 

A major advance in the art of heat transfer is made 
possible by Dr. Seidenberg’s invention, the Polymeric 
Heat Pipe Wick. The porous, cylinder-shaped wick senes 
as an inlet for the working fluid in a capillary pump loop 
(CPL) heat pipe system, which uses a vaporization pro- 
cess to efficiently transfer heat with little or no external 
power requirements. Heat is absorbed by the fluid as it 
evaporates, and then released when the vapor condenses. 

The key factor affecting the system’s efficiency is the 
selection of the working fluid. Although anhydrous am- 
monia and Freon are the best refrigerants, until now they 
could not be used in capillary loops because there were 
no wick materials that were physically and chemically 
compatible with these fluids. Dr. Seidenberg solved this 
problem by forming the wick from POREX™ UF, an 
open-cell, polyethylene, thermoplastic foam previously 
used in filters. Besides being compatible with ammonia 
and Freon, POREX UF is flexible, highly permeable, and 
temperature-resistant from -70°C to +116°C. The 
material’s self-lubricating surface and ultra-high 
molecular weight make it easy to machine and insert in- 
to heat pipes. 

The invention has commercial value in the chemical 
process industry, where high-power exothermic reactions 
take place and isothermal conditions are needed. Other 
potential applications include transformer cooling, elec- 
tronic box cooling, and heat spreading. 
☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆ 




Paul W. Shores, Herbert S. Kobayashi, and 
Christopher L. Lichtenberg, Johnson Space 
Center 


The Johnson Center’s nominees jointly developed a 
distance measuring system that is highly accurate, easily 
scaleable to a variety of frequencies, and relatively im- 
mune to distortion and interference. It employs a small, 
inexpensive, passive transducer which needs no ac- 
tive power sources, local oscillators, amplifiers, mix- 
ers, or other complex electronic components that affect 
reliability. 

The invention’s transponder ranging system measures 
distance in terms of the phase difference between the 
return signal and a phase-locked reference signal. The 
return signal generated by the transponder is phase- 
locked, but at a sub-multiple of the transmitted frequen- 
cy. As a result, the distance between a target object and 
a base station transmitter can be determined with ex- 
treme accuracy, even in the presence of spurious elec- 
tronic harmonic distortion and interference. 

Products incorporating this invention offer applica- 
tions in surveying, collision avoidance, aircraft landing 
systems, shiplane maneuvering systems, and possibly 
space proximity operations such as spacecraft docking. 
☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆ 

0 Allan H. Taylor 

Group Leader and Senior 
Research Engineer, 

Thermal Structures Branch 
Langley Research Center 

Mr. Taylor has created a composite piston that 
promises to dramatically improve the performance and 
durability of automobile engines. The piston features an 
aluminum body cast around a cap made from carbon- 
carbon material. Current schemes to attach composite 
caps to metallic pistons use pins or bolts which can 
result in thermal stresses between the materials, leading 
to premature failure of the piston. Taylor’s version is 
formed with conical faces, the extentions of which in- 
tersect a common vertex on the cylindrical axis of the 
body, enabling stress-free retention of the cap at all 
temperatures. When the piston assembly is heated or 
cooled, the metal expands or contracts radially from the 
coincident vertex. Where the metal makes contact with 
the cap, the snugly fitting conical faces slide without in- 
terference. Since the metal body is free to expand, no 
thermal stress is produced. 

The Langley engineer chose carbon-carbon because 
of its low thermal expansion rate and high-temperature 
strength, which allow the piston-to-cylinder wall to be so 
narrow as to eliminate the need for piston rings. This cuts 
engine friction losses in half and results in a lighter, 
simpler, and less expensive piston. 

The composite piston may be the enabling technology 
for an adiabatic engine, as its structure can endure sus- 
tained operating temperatures of 427°C without an 
oxidation-resistant coating. When a silicon carbide coating 
is applied to the piston, it can survive above the melting 
temperature of all metal engine parts. 

Taylor’s invention should improve the performance and 
fuel economy of internal combustion engines by about 
ten percent. If the composite piston were uniformly 
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Pixelink. 
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monochrome monitors. 

With expert calibration to any high- 
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Providing individual attention. 
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Pixelink. The North American 
importer and authorized service cen- 
ter for Philips (FIMI), a NATO man- 
ufacturer you can rely on. 
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Taylor’s composite piston , 
featuring a thermal-stress - 
free carbon-carbon crown , 
could effect a $7 billion 
annual fuel savings In the 
U.S. alone. 


adopted in automobiles, this improvement would result 
in a worldwide fuel savings of $14 billion annually. 

☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆ 


Dr. Leonard M. Weinstein 
Group Leader, 

Turbulence Structure and 
Modeling Group 
Langley Research Center 

Dr. Weinstein has invented a device that detects and 
measures ice thickness on the outside of an aircraft dur- 
ing flight, allowing pilots to decide whether to heat the 
surface or change flight speed or elevation to remove the 
ice. 

Current techniques provide only indirect evidence of 
ice build-up, cannot distinguish between ice and water, 
or only give ice content of the air, not surface thickness. 
Researchers are developing an ultrasonic approach that 
will measure actual ice thickness, but it is far more com- 
plex and expensive than Dr. Weinstein’s invention. 

The new device, called a capacitive ice thickness 
detector, consists of three surface-mounted gauges. One 
detects the presence of water or ice, another determines 
whether the temperature is above or below freezing, and 
the third measures ice thickness. Presence and thickness 



of ice are sensed by changes in electrical signals be- 
tween small conductors in the gauges. A layer of pure 
water or ice on an aircraft’s surface wll result in a relative- 
ly stronger signal. Built-in circuits work in harmony to 
process the sensor data and provide accurate ice 
measurements in less than a millisecond. 
☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆ 



Dr. James B. Robertson 
Senior Research Scientist, 
Crew/Vehicle Interface Research 
Branch 

Langley Research Center 


Dr. Robertson’s nomination stems from his work on a 
flat-panel, full-color, electroluminescent display with im- 
proved picture resolution, brightness, and contrast ratio 
over current commercial models. 

Thin-film electroluminescent (TFEL) displays are rapid- 
ly gaining acceptance as computer screens and instru- 
ment displays in automobiles and aircraft cockpits. To 
compete with cathode ray tubes in more than limited ap- 



An Illustra- 
tion of Dr. 
Robertson’s 
unique two- 
layer TFEL 
display. 


FAST, ACCURATE 
TRACE MOISTURE ANALYSIS 

State-of-the-Art 
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Aluminum Oxide, Electrolytic and 
Chilled Mirror Technologies. 



STEPHENS EQUIPMENT INC. 

P.O. Box 1126 

Champlain, New York 12919-1126 

Tel.: (514) 332-1230 • Fax: (514) 331-2084 

Tlx.: 05 824 629 


16 


Circle Reader Action No. 674 


NASA Tech Briefs, March 1989 




* 



GAF's Carbonyl Iron Powder particles are 
spherical in shape and, Within any given 
group, uniform in size distribution, from 
2 microns to 10 microns 

The only ones that are domestically 
manufactured. GAFs Carbonyl Iron 
Powders find ready and broad utility in 
the aerospace industry in coatings and 
advanced composites. In addition, their 
wide range of uniform particle sizes, 
excellent high frequency absorption, and 
electromagnetic interference properties 
recommend them for use in other aero- 
space applications as well. 

GAFs Carbonyl Iron Powders get 




along famously with plastic resins, and 
other metals & alloys, too , like tungsten, 
copper and bronze. Composites with 
improved properties are made more 
easily and economically, usually with no 
need for additional pre-processing. 

If you think GAF’s Carbonyl Iron Pow- 
ders may fit into your plans , our Advanced 
Technology and Materials Group is avail- 
able for developmental work on customers' 
aerospace applications. 

All iron powders may look the same. 

But GAF Carbonyl Iron Powders are 
always in uniform. 

See for yourself. For a free sample and 
Circle Reader Action No. 404 


literature, call or write: GAF Chemicals Aj 
Corporation. Organometallics and Metalsml 
Group. 1361 Alps Road. Wayne, NJ 07470. ^ 
(201)628-3000. 

•t Copf right 1987 CAF Chemicals Corporation ^ “■ 
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to Goddard Space Flight Center 
Specification S-311-P-18, which is 
cross-referenced in MIL-STD-975. 

Here's what that means — our 
thermistors are expressly designed 
for use in extended space flight, 
military and other high-reliability 
applications where you need a 
thoroughly tested component with 
documented performance. 

Interchangeabilities of ±0.1°C 
and ± 0.2°C are standard. And if 
the Goddard spec doesn't meet 
your requirements, we'll test our 
thermistors to your specifications 
instead. 

Ask for our thermistor catalog or 
call YSI toll-free at 800 343-HELP 
(in Ohio call 513 767-7241). 


YSI Incorporated 

Yellow Springs, Ohio 45387 USA 
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plications, however, TFEL displays must be offered in full 
color. This requires the use and control of phosphors in 
the three primary colors: red, blue, and green. A major 
obstacle has been the dimness caused by the blue 
phosphor, weakest of the three colors. 

Dr. Robertson’s solution involves superimposing a 
phosphor layer of alternating red and green stripes over 
a layer composed solely of blue phosphors, with the two 
layers separated by insulating material and the row and 
column electrodes used to excite the phosphors. The size 
and shape of a picture element (pixel) in the one-color 
layer matches that of two side-by-side pixels in the red 
and green layers. This configuration not only increases 
brightness by doubling the blue phosphor’s active area, 
but also improves contrast ratio over the stacked, three- 
layer designs of present flat-panel displays. It requires 
roughly one-third fewer interfaces and creates less un- 
wanted capacitance than do three-layer models. 

Robertson’s display also offers twice the resolution of 
current coplanar (single-layer) designs, where the number 
of pixels per inch is limited by the minimum width of the 
electrodes. 

NASA has licensed the invention to Planar Systems 
Inc., a leading manufacturer of TFEL displays in 
Beaverton, OR. The company plans to begin producing 
the two-layer version later this year. 

☆ ☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆☆-sir 


Paul E. Wren (Retired) 

Formerly Ground System Manager, 
Search And Rescue Satellite 
Mission (SARSAT) 

Goddard Space Flight Center 

An emergency locating system developed by Mr. Wren 
will provide search and rescue forces with a means of 
detecting extremely weak radio frequency (RF) transmis- 
sions from ships and aircraft in distress. Presently, many 
SOS transmissions go unnoticed because of low signal 
strengths. Wren’s new transmitter and receiver system, 
which offers a 24db increase in sensitivity over traditional 
audio detection methods, could solve this problem and 
save innumerable lives. 

The invention detects distant or faint signals by 
transmitting a pure sineusoid and capturing the signal 
with a phase-locked loop receiver. Though the RF tech- 
nique is over forty years old, this is the first time it has 
been applied to a distress locating system. The transmit- 
ter includes an RF oscillator whose carrier signal con- 
nects with a transmitter antenna through a gate and an 
RF amplifier. The signal has four variable parameters, 
with each set of parameters corresponding to a different 
piece of information that is automatically extracted and 
indicated by the receiver. A distress signal having two 
seconds of unmodulated carrier followed by eight 
seconds of the distress waveform may indicate that an 
aircraft is the source of transmission, while one second 
of unmodulated carrier with an ensuing waveform of five 
seconds, followed, in turn, by one second of the carrier 
signal modulated by a 100 Hz audio tone might mean that 
a ship is sending the SOS, and that the ship is an oil 
tanker. 

Previously, search and rescue forces had no advance 
knowledge of who or what they were looking for. This new 
capability will allow for better coordination among rescue 
operations. 



For information on licensing any of these inventions, contact 
the patent counsel at the NASA field center that sponsored the 
research (See page 22). 


18 


Circle Reader Action No. 448 


NASA Tech Briefs, March 1989 






STRESS RELAXATION 



Log I Decay (min) I 


CREEP 



Log ITime (sec)l 


The Du Pont 983 DMA. 

Every tool you need 
to characterize the 
viscoelastic properties 
of polymers and composites. 


From just one instrument, the new DuPont 
983 Dynamic Mechanical Analyzer, you get 
all the information needed to accurately 
characterize the viscoelastic properties of 
engineering plastics and structural compos- 
ites— leading to new and improved uses of 
those materials, and to lower manufacturing 
costs. 

The versatility of the 983 DMA comes 
from its unique four modes of operation: fixed 
frequency, resonant frequency, stress relax- 
ation and creep. Together they provide a 
better understanding of material properties, 
processing characteristics and structural 
performance. 

Flexural modulus, Tan 8, glass transition 
temperature, compliance, stress relaxation 
and creep are just a few of the properties 
measured by the 983 DMA. Time/Tem- 
perature/Superposition software allows these 
properties to be extrapolated to longer times 
and higher frequencies. And the wide tem- 
perature range of -150° to 500°C gives you 
the ability to determine how they’re affected 
by environmental factors and processing 
conditions. 

To learn more about the new Du Pont 
983 DMA, call (800) 527-2601. Or write 
DuPont Company, Instrument Systems, 

FP Dept., Concord Plaza, Quillen Building, 
Wilmington, DE 19898. 



See us at the Pittsburgh Conference. 
Booth nos. 4504-4514. 



**6 US PUT STM OT* 
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New Product ideas 


New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having promising 
commercial applications. Each is 
discussed further on the 
referenced page in the appro- 


priate section in this issue. If you 
are interested in developing a 
product from these or other NASA 
innovations, you can receive fur- 
ther technical information by re- 
questing the TSP referenced at 
the end of the full- 


length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center (see 
page 22). NASA’s patent-licensing 
program to encourage commer- 
cial development is described on 
page 22. 


Adaptive Control of 
Remote Manipulator 

A robotic control system causes a re- 
mote manipulator to follow closely a refer- 
ence trajectory in a Cartesian reference 


frame in the work space. The system is in- 
sensitive to changes in the robot and load 
parameters and requires less computation 
and memory than do other control systems 
of similar capability. (See page 38). 


Self-Aligning Robotic End 
Effector and Receptacle 

An industrial-robot hand and a mating 
receptacle are keyed to each other for pos- 
itive automatic alignment. This arrange- 
ment simplifies accurate gripping and ma- 
nipulation of objects. (See page 80). 

Inspection in Overhead 
Spaces Containing Asbestos 

A transparent glove bag promises to 
save time and effort during the inspection 
of overhead areas for asbestos. Health 
authorities may find this method just as 
safe but simpler and cheaper than exten- 
sive cleanup and costly respirators used by 
today’s inspectors. (See page 73). 

Current Regulator for 
Sodium-Vapor Lamps 

A proposed regulating circuit would 
maintain a nearly-constant alternating cur- 
rent in a sodium-vapor lamp. For a lamp- 
voltage variation of 150 to 90 V, this circuit 
can maintain the lamp current within 1 per- 
cent of the desired value. (See page 26). 

Protection Against Brief 
Interruptions of Power 

A synchronous machine may be a cost 
effective way of providing uninterruptible 
power to computer installations and other 
facilities that cannot tolerate brief power 
outages. The machine features a flywheel 
to bridge Dower gaps of a few cycles. (See 
page 35). 


This symbol 

appears next 
to technical 
briefs which describe in- 
ventions having poten- 
tial commercial applica- 
tions as new products. 
The process for devel- 
oping a product from a 
NASA invention is de- 
scribed at the top of 
this page. 


Advanced coating 
and laminating 
technology 


Rexham custom coats and 
laminates flexible films, foils, 
and papers for use in electronics, 
aerospace materials, repro- 
graphics, and other high- 
performance applications. 

You find resources developed 
during 30 years' work with high- 
precision projects— 

• Coating accuracy 
capabilities in the 
millionths 


Coating/laminating 


lines (4 plants) 

15 

+ new plant (1990) 

2 

Clean rooms 


(4 plants) 

8 Class 10,000 


to Class 1,000 

+ new plant 
M 3 ^ 

2 Class 100 



• Clean room manufacturing 

• Sophisticated on-line quality 
inspection 

• Extensive analytical 
capabilities 

Call for our Creden- 
tials Package. Complete 
confidentiality guaranteed. 

Rexham 

Industrial 

RO. Box 368 
Matthews, NC 28106 
(704) 847-9171 

Coating and laminating prerision 
without compromise. 


£ * ‘ ; 
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SETTING THE STANDARD FOR 
REAL-TIME 



Everyone’s talking about it now, but we’ve been ship- 
ping it since 1982. And we’ve continued to set the real- 
time standard every year since. RTU™, our real-time 
enhanced UNIX operating system, provides guaranteed 
response plus the flexibility and compatibility of AT&T 
System V and 4.2 BSD. 

Scientists, engineers, systems integrators, and 
OEMs can choose from our family of MC68030/020- 
based multiprocessor computers, from 3 to 25 MIPS, 
with VMEbus™ and Multibus.™ They're designed for 
high-performance applications in data acquisition, 
digital signal processing, imaging, C 3 I, and real- 
time simulation. 

What’s behind the trend to real-time UNIX? Want to 
learn how your real-time application can benefit from 
UNIX power and compatibility? Send in the coupon for 
your free copy of Understanding Real-Time UNIX, by 
Prof. John Henize. 


Concurrent t 
Computer Corporation 


Get in tune with the best real-time systems available. 

1-800-631-2154 


Send to Concurrent Computer Corp., Dept. NTS), 
106 Apple Street, Tinton Falls, NJ 07724 

□ YES, please send a complimentary copy of 
Understanding Real-Time UNIX. 

□ Send me information on Concurrent real-time 
computer systems 




MY application is_ 


UNIX IS a trademark of AT&T RTU. is a trademark of Concurrent Computer Corporation 
VMEbus is a trademark of Motorola Corporation Multibus is a trademark of Intel Corporation 
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YOU CAN BENEFIT 
FROM NASA’S 
TECHNOLOGY 
UTILIZATION 
SERVICES 


If you’re a regular reader of TECH BRIEFS, then you’re already 
making use of one of the low- and no-cost services provided by 
NASA’s Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and applications/engineering services offered by 
the TU Network as a whole. In fact, when all of the components 
of NASA’s Technology Utilization Network are considered, 
TECH BRIEFS represents the proverbial tip of the iceberg 
We’ve outlined below NASA’s TU Network— named the 
participants, described their services, and listed the individuals 
you can contact for more information relating to your specific 
needs. We encourage you to make use of the information, 
access, and applications services offered by NASA’s 
Technology Utilization Network. 


How You Can Utilize NASA’s Industrial Applications Centers— A nationwide network offering a broad range 
of technical services, including computerized access to over 100 million documents worldwide. 


Aerospace Research 
Applications 
Center (ARAC) 

Indianapolis Center for Advanced 
Research 

611 N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. Timothy Janis, Director 
(317) 262-5036 

Rural Enterprises, Inc. 

Central Industrial Applications 
Center/NASA (CIAC) 

P.O. Box 1335 
Durant, OK 74702 
Steve R. Hardy, President 
(405) 924-5094 

North Carolina Science and 
Technology Research Center 
(NC/STRC) 

Post Office Box 12235 


27709 

H. Lynn Reese, Director 
(919) 549-0671 

NASA Industrial Applications 

Ctr. 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh, PA 15260 
Dr. Paul A. McWilliams, 

Exec. Director 
(412) 648-7000 

NASA/Southern Technology 
Applications Center 

Box 24 

Progress Ctr., One Progress Blvd. 

Alachua, FL 32615 

J. Ronald Thornton, Director 

(904) 462-3913 

(800) 354-4832 (FL only) 

(800) 225-0308 (toll-free US) 


NASA/UK Technology 
Applications Program 

University of Kentucky 
109 Kinkead Hall 
Lexington, KY 40506-0057 
William R. Strong, Director 
(606) 257-6322 
NERAC, Inc. 

One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 

Technology Application Center 
(TAC) 

University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 


NASA Industrial Applications 
Center (WESRAC) 

University of Southern California 
Research Annex 
3716 South Hope Street, Room 
200 

Los Angeles, CA 90007-4344 
Radford G. King, Exec. Director 
(213) 743-8988 
(800) 642-2872 (CA only) 

(800) 872-7477 (toll-free US) 
NASA/SU Industrial Applications 
Center 

Southern University Department 
of Computer Science 
P.O. Box 9737 

Baton Rouge, LA 70813-9737 
Dr. John Hubbell, Director 
(504) 771-6272 


Y ou can contact NASA’s network of Industrial Applications Centers (lACs) for assistance in solving a specific technical problem or meeting your 
Information needs. The “user friendly” lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 
the world’s largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA’s own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services and/or linkage with other experts 
in the field. You can obtain more information about these services by calling or writing the nearest I AC. User fees are charged for I AC information services. 

Research Triangle Park, NC 


If you represent a public sector organization with a particular need, you can contact NASA’s Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle 
Park, NC 27709. Doris Rouse, Director, (9 1 9) 541-6980 


How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels— Each NASA Field Center has aTechnology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP Is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the 
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number 
at the end of the Tech Brief. 


Ames Research Ctr. 

Technology Utilization 
Officer: Laurance Milov 
Mail Code 223-3 
Moffett Field, CA 94035 
(415) 694-4044 
Patent Counsel: 

Darrell G. Brekke 
Mail Code 200-11 
Moffett Field, CA 94035 
(415) 694-5104 
Lewis Research Center 
Technology Utilization 
Officer: Daniel G. Soltis 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5567 
Patent Counsel: 

Gene E. Shook 
Mail Code 301-6 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5753 


John C. Stennis 
Space Center 

Technology Utilization 
Officer: Robert M. 
Barlow 

Code HA-00, Bldg. 1103 
Stennis Space Center, 
MS 39529 
(601)688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT-PMO-A 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 

James O. Harrell 
Mail Code PT-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-2544 


Langley Research Ctr. 

Technology Utilization 
Officer: John Samos 
Mail Stop 139A 
Hampton, VA 23665 
(804) 864-2484 
Patent Counsel: 
George F. Helfrich 
Mall Code 279 
Hampton, VA 23665 
(804) 864-3523 
Goddard Space Flight 
Center 

Technology Utilization 
Officer: Donald S. 
Friedman 
Mail Code 702.1 
Greenbelt, MD 20771 
(301) 286-6242 
Patent Counsel: 

R. Dennis March ant 
Mail Code 204 
Greenbelt, MD 20771 
(301)286-7351 


Jet Propulsion Lab. 

NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mail Stop 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-4849 
Patent Counsel: 

Paul F. McCaul 
Mail Code 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2734 
Technology Utilization 
Mgr. for JPL: Dr. Nor- 
man L. Chalfin 
Mail Stop 156-211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 


George C. Marshall 
Space Flight Center 

Technology Utilization 
Officer: Ismail Akbay 
Code AT01 

Marshall Space Flight 
Center, 

AL 35812 
(205) 544-2223 
Patent Counsel: 

Bill Sheehan 
Mail Code CC01 
Marshall Space Flight 
Center, 

AL 35812 
(205) 544-0021 


Lyndon B. Johnson 
Space Center 

Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC-4 
Houston, TX 77058 
(713) 483-3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483-4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 

Washington, DC 20546 
(202) 453-2636 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453-2424 


A Shortcut To Software: COSMIC' — For software developed with 
NASA funding, contact COSMIC, NASA’s Computer Software Manage- 
ment and Information Center. New and updated programs are announc- 
ed in the Computer Programs section. COSMIC publishes an annual 
software catalog. For more information call or write: COSMIC* 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404) 
542-3265 


If You Have a Question. . NASA Scientific & Technical Infor- 
mation Facility can answer questions about NASA’s Technology 
Utilization Network and its services and documents. The STI staff sup- 
plies documents and provides referrals. Call, write or use the feedback 
card in this issue to contact: NASA Scientific and Technical Informa- 
tion Facility, Technology Utilizatjon Office, P.O. Box 8757, Baltimore, 
MD 21240-0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 242, 
243 
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The future of turbo design begins here. 


More than half of the turbomolecular 
pumps operating today are built by Balzers, 
producing the cleanest, most convenient 
and powerful vacuum systems possible. 

The first turbo pump, developed for our 
customers 30 years ago, introduced this 
technique for producing low pressures 
down to ultra-high vacuum. Since then, 
the hydrocarbon-free turbo concept has 
helped turn a multitude of sophisticated 
technologies into routine procedures. 

Today turbo designs are smaller, lighter 
and more efficient than ever— producing 
vacuums from 1 torrto 1 x 10-11 torr. Plus, 
they're available in a variety of sizes and 
types to meet your specific applications. 

Our streamlined, air-cooled designs are 
perfect for gas analysis, load locks and 
small process systems. Our low vibration 
pumps provide stable operation for sen- 
sitive equipment such as electron micro- 
scopes. Other designs are ideal for vapor 
deposition, ion implantation, MBE, etch- 
ing and handling radioactive gas. 

As a result of our quest to achieve opti- 
mum size/performance ratios, Balzers 
designed the first turbomolecular pump 
compact and rugged enough for use in 
outer space. Meanwhile, here on earth, 
Balzers continues to expand horizons in 
performance and reliability for you. 


Arthur Pfeiffer, founder of the Pfeiffer Division, 
creators of the turbo molecular pump. 


For more information on our full range of 
turbo pumps from 27 I/s to 6200 I/s, call 
or write today. 



SEE US AT PITTSBURGH ANALYTICAL CONFERENCE, 
ATLANTA, BOOTH #3111 
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Balzers Aktiengesellschaft Arthur Pfeiffer 

FL-9496 Balzers Vakuumtechnik Wetzlar GmbH 

Furstentum Liechtenstein Postfach 1280 

Tel (075)44111 D-6334 Asslar 

Telex 889 788 bva fl Tel (06441 ) 802-0 

Telefax (075)44413 Telex 48 38 59 

Fax (06441)802-202 


Balzers 

8 Sagamore Park Road 
Hudson, NH 03051 
Tel (603) 889-6888 
Twx 710 228 7431 
Telex 294-041 
Fax (603) 889-8573 
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30 Low-Inductance Capacitor for 
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35 Protection Against Brief 
Interruptions of Power 


Position-and-Direction Sensor for Light Beams 

A beam from a spurious source could be detected. 

Marshall Space Flight Center, Alabama 
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The Position-and-Direction Sensor would split an Incident beam of light into two beams and 
measure their positions of incidence x 1 and x 2 . The position y and direction $ of the incident 
beam can be calculated from x^nd x 2 . The sensor could be made as a rigid unit that would 
be resistant to misalignment. 


A proposed optoelectronic sensor would 
measure both the position and the direc- 
tion of incidence of a laser beam or other 
narrow beam of light. A conventional sen- 
sor used to measure the direction of inci- 
dence contains one position-sensitive 
photodetector or a linear array of photode- 
tectors. The measured position of inci- 
dence of the beam on the array, in combi- 
nation with an assumption as to the point of 
origin, is used to infer the direction of inci- 
dence. However, when the assumption is 
incorrect (for example, when stray light 
strikes the detector), then the position of in- 
cidence is no longer a true measure of the 
direction of incidence. 

The new sensor would be part of a ro- 
botic welding system in which a laser 
beam is reflected from the pool of molten 
metal and monitored by a lateral-position 
sensor. In this system, it is necessary to dis- 
tinguish between the true reflected beam 
and spurious light and to measure the di- 
rection of the true reflected beam. To pro- 
vide an unambiguous measurement of both 
the lateral position and the direction of the 
incident beam, the proposed sensor would 
include two position-sensitive photodetec- 
tors or linear arrays of photodetectors. 

This incident beam of light would strike 
detector 1 at position x 1 and detector 2 at 
position x 2 , as shown in the figure. Provid- 


ed that the plane of incidence coincides 
with the plane of the figure, x 1 and x 2 can 
be expressed as slightly complicated func- 
tions of the angle of incidence ($), the 
lateral position of incidence (y), the angle of 
the beam splitter (a), the length of the de- 
tectors (M), the longitudinal distance be- 
tween the detectors (Z_), and the index of re- 
fraction (n) of the glass or other prism 
material. 

Because a, L, M, and n are fixed and 
known in advance, the equations can be 


solved for the desired quantities $ and y in 
terms of the measured positions of inci- 
dence x 1 and x 2 . The position outputs of the 
photodetectors could be digitized and 
processed continuously to obtain real-time 
indications of the lateral position and direc- 
tion of the beam of light. 

This work was done by Matthew A. 
Smith of Rockwell International Corp. for 
Marshall Space Flight Center For fur- 
ther information, Circle 4 on the TSP Re- 
quest Card. MFS-29275 


Delay-Line Anode for Microchannel-Plate Spectrometer 

A zigzag pattern enables the location of incident pulses in two dimensions. 


Marshall Space Flight Center, Alabama 


A developmental photon-counting read- 
out system for a microchannel-plate spec- 
trometer includes a delay line and timing 
circuit to measure the wavelength coordi- 
nate and a wedge/wedge charge-division 
system to measure the orthogonal spatial 
coordinate. The charge-sensing element 
of this system is a planar anode made of 
strip-line material featuring a zigzag elec- 
trode pattern on the front face and a 


ground plane on the rear face. This system 
should prove advantageous for portable 
two-dimensional spectrometers that have 
large image planes and for which the de- 
sign requirements include simplicity, relia- 
bility, low power consumption, and low 
mass. 

The anode plane is placed near and par- 
allel to the rear plane of the microchannel- 
plate detector. When a photon strikes the 


front plane of the detector, electrons are 
emitted from the rear plane, and they travel 
to the adjacent areas on the anode. Be- 
cause the voltage and current pulses 
caused by the deposition of the electron 
charges travel along the zigzag anode strip 
line at known speed, the difference be- 
tween the times of arrival of the pulses at 
the two ends of the line can be used to find 
the x coordinate of point of impingement. 
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SIEMENS 


The CMOS LED display leader 
has acquired a valuable stamp. 



And the valuable advantages 
are all yours! 

Hi-rel design engineers will 
appreciate the superior quality and 
reliability our DESC-approval 
represents. This, combined with 
our broad product offering, makes 
us an unmatched choice for 
satisfying your most stringent LED 
alphanumeric display requirements. 

Here’s your new military lineup: 
Small alphanumeric displays 

■ .15” and .20" dot matrix 
characters, red, High Efficiency 
Red, yellow and green 

■ Serial input 

Intelligent display 

■ .15” segmented characters, red 

■ 64 ASCII 


Programmable displays 

■ .25” dot matrix characters, high 
efficiency red and green 

■ 96 ASCII 

All are user-friendly four character 
displays with on-board CMOS, 
sealed in hermetic packages, and 
tested to MIL-D-87157 and TXVB. 

When you’re looking for sophisti- 
cated, quality alphanumeric 
displays, look to Siemens. Our 
DESC-approved line will satisfy the 
toughest standards of all. Yours. 


For more information, call (408) 
257-7910 today. Or write: Siemens 
Components, Inc., Optoelectronics 
Division, Military Marketing 
Department, 19000 Homestead 
Road, Cupertino, CA 95014 

National Distributors: Hall-Mark and Marshall 
Regional Distributors: Advent Electronics, Inc., 
Almo Electronics. Insight Electronics. Quality 
Components, Summit, Western Microtechnology 

Siemens... 

your partner for the future. 

C 1988 Siemens Components. Inc. 

CG/2000-453 WLM746 
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The Zigzag Delay-Line and Interdigitating Wedge Electrodes are laid out together on an an- 
ode plane. Time- and charge-ratio-measuring circuits determine the location of an impinging 
bunch of electrons. 


The difference in time is measured by a 
start/stop time counter. 

The width of the bunch of electrons from 
one photon is several times the pitch of the 
zigzag. To ensure that about half the 
charge is deposited on the delay line, the 
width of the delay line is made one-quarter 
of the pitch of the zigzag. The remaining 
half of the charge falls on the interdigitating 
wedge electrodes; the portion that falls on 
each wedge depends on the width of the 
wedge at the point of impingement, which 
varies linearly with the y coordinate of the 
point of impingement. Thus, the y coor- 
dinate of the photon can be determined by 
circuits that measure the ratio between the 
charges deposited on the wedge elec- 
trodes. 

When the system is fully developed, the 
time- and ratio-measuring circuits should 
be able to determine the x,y coordinates of 
the centroid of impinging charge with a 
spatial resolution much finer than the pitch 
of the zigzag. A design that achieves such 
performance will have to take into account 
such considerations as matching of strip- 
line output impedances, attenuation and 
dispersion of pulses in the delay line, inter- 
. actions between the delay line and the 
wedge electrodes, timing errors due to rise 
times of pulses, thermal noise, shot noise, 
and spurious signals at the fundamental 
frequency of the zigzag. In an experimen- 
tal version that included a zigzag of 1-mm 


pitch, illumination with ultraviolet light through 
a 25-fim pinhole produced a Gaussian 
distribution in the x coordinate of detected 
photon events with 70 /im full width at half 
maximum. 


This w ork was done by M. Lampton of 
the University of California for Marshall 
Space Right Center. For further informa- 
tion, Circle 144 on the TSP Request Card. 
MFS-26073 


Current Regulator for Sodium-Vapor Lamps 



The operating current would be kept nearly constant as the lamp ages. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


A proposed regulating circuit would 
maintain a nearly-constant alternating cur- 
rent in a sodium-vapor lamp. The regulator 
is necessary because, as the lamp ages, 
the potential drop across the lamp at the 
specified operating current decreases 
from about 1 50 to about 90 V. The regulator 
is part of a dc-to-ac inverter circuit that 
might be used to supply power to a street 
lamp from a battery charged by a solar-cell 
array. 

As shown in the figure, power from a 
solar-cell array or battery is fed to a dc-to- 
ac inverter, the frequency of which is deter- 
mined by a voltage-controlled oscillator. 
The inverter output is supplied to the lamp 
through a current-limiting inductor. Be- 
cause the reactance of the inductor is pro- 
portional to the frequency, the lamp current 
can be increased or decreased by respec- 
tively decreasing or increasing the fre- 
quency. 

The lamp current is sensed by a current 
transformer, the output of which is fed to 
one input of an error amplifier. The other in- 
put is a reference voltage corresponding to 
the specified lamp current. When the lamp 


current differs from the specified value, the 
current-transformer output differs from the 
reference voltage. The voltage compara- 
tor, therefore, emits a voltage proportional 
to the current error. 

The error voltage is fed to the oscillator 
as a frequency-control signal, thereby 
changing the oscillator frequency and the 


lamp current by an amount that nearly 
cancels the current error. For a lamp-vol- 
tage variation of 150 to 90 V, this circuit can 
maintain the lamp current within 1 percent 
of the desired value. 

This work was done by Colonel W. T. 
McLyman of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tbn, Circle 131 on the TSP Request Card. 
NPO-16702 



The Regulated Lamp Power Supply would maintain a nearly-constant lamp current over a wide 
range of lamp voltage drops. The inverter frequency would be varied to control the current via 
the frequency dependence of the reactance of the current-limiting inductor. 
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Inductively-Activated Short-Interval Timer 

The absence of direct electrical contacts increases reliability. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 


A timing circuit in a pneumatically 
launched projectile triggers an explosive 
charge in the projectile at a specified delay 
after the launch. Both power and control 
signals are coupled inductively to the timer 
from the stationary launcher circuitry (see 
figure). This eliminates the need for direct 
electrical contacts, which are unreliable 
and which can generate sparks that trigger 
the explosive accidentally. Inductive cou- 
pling also provides higher reliability in field 
operation than contacts do. The underlying 
concept could be useful in such other safe- 
ty-related applications as remotely or auto- 
matically controlling the flow of bottled 
flammable gas. 

Initially, a driver in the launcher operates 
in a flyback-transformer mode at a repeti- 
tion rate between 20 and 120 kHz to 
charge the main storage capacitor, C v to 
about 8 V. The smaller filter capacitor, is 
charged to about 5 V. The capacitors sup- 
ply power to the signal-processing logic cir- 
cuits through voltage and current regula- 
tors. 


The energy to fire the explosive squib is 
taken from C v Power for the regulators is 
drawn from C 1 through the squib at a low 
current (less than the firing current), as a 
means of continually testing whether the 
current path through the squib remains in- 
tact. If it is not intact, C 1 is discharged to 
prevent accidental detonation in the event 
of subsequent unplanned reconnection. 

The signals that control the delay are 
coded by the frequency of the pulses ap- 
plied from the launcher. Under normal cir- 
cumstances, only the reset and delay-set- 
ting frequencies need to be applied. 
Another frequency code orders a shut- 
down for safety, and the lack of frequency 
signifies the launch and the start of the 
delay. All frequencies and timings within 
the circuit are determined with reference 
to its 32.768-kHz crystal oscillator. 

Initially, the reset code (120 kHz) is ap- 
plied for a minimum of 0.5 s. Because this 
is the highest frequency used, it charges 
the storage capacitor at the maximum pos- 
sible rate. It also provides time for the crys- 


tal oscillator to stabilize and turns the cir- 
cuits on in a known reset state. 

Next, the delay-setting frequency is ap- 
plied for a minimum of 0.26 s and is main- 
tained until shortly after the launch. The 
nominal frequency range for setting the de- 
lay is 32 to 99 kHz, corresponding to a de- 
lay of 24 to 8 s. Logic circuits in the timing 
section execute a formula for delay that 
decreases with increasing frequency. 

The safe-shutdown frequency can 
range between 1 6 and 24 kHz and is nomi- 
nally 20 kHz. This signal need be present 
for only 5 ms. Then the energy in C 1 is dis- 
charged through the same coil on the 
board that is used to receive the initial 
charging pulses so that the discharge can 
be detected for test purposes by inductive 
coupling back to the external driving coil. 

This work was done by Gordon A. Wiker 
and George H. Wells, Jr., of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further information, Circle 146 on the TSP 
Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 22] Refer to NPO-16882. 


Mobile Timing Circuit 
(on Projectile) 



Frequency-Coded Power and Control Signals are coupled inductively through the airgap between coils on the launcher and on the circuit 
board of the projectile. 
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Low-Inductance Capacitor for Low Temperatures 

A planar capacitor is made on an epoxy/fiberglass printed-circuit board. 


Langley Research Center, Hampton, Virginia 


A test at the National Transonic Facility 
(NTF) requiring the use of a shadowgraph 
system dictated that the light source be 
mounted on the wall of the test section 
within the cryogenic environment of the 
plenum of the tunnel. The light source of 
the shadowgraph, which includes a high- 
pressure, 75-W xenon arc lamp, was modi- 
fied to allow all high-voltage triggering 
components to be mounted inside an alu- 
minum lamp housing. When the entire as- 
sembly was tested in operation in an envi- 
ronmental chamber at temperatures down 
to -160 °C, the high-voltage capacitor in 
the assembly did not survive the extreme 
cold: differential contraction of the internal 
parts of the capacitor caused the unit to 
fail. Subsequent tests of replacement oil- 
filled and ceramic high-voltage capacitors 
yielded the same results, and a limited 
search for capacitors of similar voltage 
rating that could tolerate the extreme cold 
was unsuccessful. 

It was decided to design, fabricate, and 
test a suitable capacitor at the facility. The 
desired properties included tolerance of a 
wide range of temperature, low induct- 
ance, high breakdown potential, low series 
equivalent resistance, and ease of manu- 
facture. A planar design using G-10 (or 
equivalent) epoxy/fiberglass double-sided 
printed-circuit-board material was select- 
ed. The planar design and flat copper 
plates ensured low inductance and low 
series resistance. The planar construction 
minimized the effects of thermal contrac- 
tion, and the epoxy/fiberglass substrate en- 
sured a high breakdown voltage. 

Tests indicated that a capacitor be- 
tween 600 and 700 pF would be adequate 
to produce reliable starting of the lamp. A 
board 0.032 in. (0.81 mm) thick, 9.5 cm by 
16.5 cm, was etched with 0.75-cm borders 
to yield a conductor area of 8 cm by 15 cm 
(see Figure 1), with a measured capaci- 
tance of 650 pF. With the dielectric 
strength of the epoxy/fiberglass material 
rated at 510 volts per mil (2 x 10 7 V/m) the 
board possesses a dielectric strength of 
over 16,000 V, which is more than ade- 
quate for this application. 

The capacitor was mounted in the lamp 
housing (see Figure 2), and the complete 
unit was repeatedly cycled between room 
temperature and -160 °C. The lamp was 
started, and the operation was verified at 
each change in temperature of 20 °C. The 
complete shadowgraph system was in- 
stalled in the plenum chamber of the NTF 
and functioned without failure. 

The design is simple, and this type of 


capacitor should be easy for any printed- 
circuit-board facility to fabricate. The de- 
sign is suitable for any small-capacitance, 
high-voltage capacitor, whether operating 


at low or high temperature. 

This work was done by David B. Rhodes, 
Stephen B. Jones, and John M. Franke of 

Langley Research Center No further 
documentation is available. LAR-13714 



Figure 1 . Etched Circular Areas insulate contacts on the planar capacitor fabricated from 
printed-circuit-board material. 



Figure 2. This View From the Rear of the Lamp Housing shows the placement of compo- 
nents, including the new capacitor. 
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Integrated-Circuit Broadband Infrared Sources 

Microscopic devices consume less power, run hotter, and are more reliable. 
Goddard Space Flight Center, Greenbelt, Maryland 



PHOTOMASK PATTERN 



TYPICAL COMPLETED DEVICE 


An Integrated-Circuit Photomask Pattern is used to make polycrystalline silicon strips of 
various widths and, therefore, of various electrical resistances and infrared characteristics. 
The strips are used as “glow-bar” resistors to calibrate infrared-sensing instruments. 


Simple, compact, lightweight, rapidly-re- 
sponding reference sources of broadband 
infrared radiation have been made avail- 
able by integrated-circuit technology. These 
devices are intended primarily for use in 
the calibration of remote-sensing infrared in- 
struments. The new devices should eventu- 
ally replace conventional infrared sources, 
which are relatively massive and compli- 
cated, dissipate excessive power, and re- 
spond too slowly. The new devices should 
also replace the present generation of 
miniature infrared sources, which are ex- 
pensive and delicate and have both undu- 
ly-low maximum operating temperatures 
and reduced reliability when operating 
near those maximum temperatures. 

The new devices are essentially micro- 
scopic resistors that consist of beams of 
polycrystalline silicon. The resistors are 
heated by electrical current to make them 
glow in the desired range of wavelengths. 
They can operate in air or vacuum. The 
voltage applied to each resistor is adjusted 
to obtain the desired operating tempera- 
ture, current, or power dissipation. (Meas- 
urements have shown that the current- 
vs.-voltage curve is fairly linear.) 

A device can be made or used alone or 
as part of a flat-panel or complicated multi- 
element array of reference sources. A de- 
vice or array is fabricated as follows: 

1 . A silicon substrate is oxidized to a depth 
of 10,000 A. 

2. A film of polycrystalline silicon 8,000 to 
10,000 A thick is deposited on the oxide. 

3. The polycrystalline silicon is doped with 
boron to obtain a resistance of 50 to 100 
20 

4. The polycrystalline silicon is etched to 
form the pattern of resistor strips and 
contact areas (e.g., as shown in the upper 
part of the figure). 

5. The oxide is stripped from the exposed 
areas of the wafer and from under the 
beam(s), leaving only the oxide under the 
contact areas. 

6. A thin film of aluminum is evaporated 
onto the entire wafer. 

7. The pattern of contact pads is masked, 
and the aluminum is etched to leave only 
the portion in the contact areas. 

8. The aluminum is alloyed to form the con- 
tacts. 

A typical completed device is shown in the 
lower part of the figure. 

The self-passivating nature of the poly- 
crystalline silicon adds to the reliability of the 
devices. The maximum operating tempera- 
ture is over 1,000 K, as compared to the 
maximum of 600 K in prior devices. The 
power dissipation is only one-fourth that of 


the prior devices. 

This work was done by G. Lamb, M. 
Jhabvala, and A. Burgess of Goddard 


Space Right Center. For further informa- 
tion, Circle 114 on the TSP Request Card. 
GSC-13085 
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For more information about STN International, write 
or call: STN International, Marketing, Dept. 30689, 
P.O. Box 02228, Columbus, OH 43202. 

Phone 800-848-6538 

STN International is operated in North America by 
Chemical Abstracts Service, a division of the 
American Chemical Society; in Europe, by FIZ 
Karlsruhe; and in Japan, by JICST, the Japan 
Information Center of Science and Technology. 
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Chain of Test Contacts for Integrated Circuits 

Microcircuit connections between probe pads yield data on the quality of fabrication. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A test structure that forms a chain of 
"cross” contacts can be fabricated toge- 
ther with large-scale integrated circuits. If 
necessary, a number of such chains can 
be incorporated at suitable locations in an 
integrated-circuit wafer for determination 
of the fabrication yield of the contacts. 

The test structure (see figure) includes a 
first and a second layer of metal (or heavily 
doped semiconductor) arranged in thin, 
meandering strips ending in terminal pads 
for electrical probing. The strips overlap in 
cross-like intersections where contacts 
are made between the layers through 
"vias" in the intermediate insulating layer. 
Current is injected at the ends of the chain, 
i.e. through pads No. 2 and 23. Voltages 
are measured between pads No. 1 and 4, 3 
and 5, etc. , up to No. 21 and 24. The ratio of 
the voltages to the current is a good meas- 
ure of the ("interfacial”) contact resis- 
tance, although some parasitic resistance 
is added by the requirement that the strips 
must be wider than the contact to allow for 
misalignment. Progressing along the chain, 
the cross contacts are designated alter- 



Flrst Metal 
Layer 

K \\\\\1 

Second Metal 
Layer 

i ' 1 


— * — 1 


\ 

2 


4 


7 

Probe 

Tabs 

A 


\\\\\\^|a 


E? 


wc 


2 ^p,ca,) 


Odd 


■v 


3 urn 
(Typical) 

_L 



Even 


"V 


Contacts 


This Chain of Cross Contacts is fabricated as a test structure for contacts in a large-scale in- 
tegrated circuit. Four-point resistances are measured to obtain statistical data on the quali- 
ty of contact fabrication. 
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nately as “odd” and “even” for conven- 
ience in discerning the effects of misalign- 
ment on the resistances of the contacts. 

In a conventional two-terminal contact 
chain, one can measure only the total re- 
sistance of all the contacts in the chain. If 
the number of contacts is large, measure- 
ments of a number of chains yield only lim- 
ited statistical data about the quality of fab- 
rication, and the measurement of one 
chain can be insensitive to unacceptably 
high resistance in one or a few contacts. 
However, in the new structure, the resis- 
tances of individual contacts can be deter- 
mined: In addition to making it possible to 


identify local defects, it enables the gener 
ation of statistical distributions of contact 
resistances for the prediction of the "para- 
metric” contact yield of the fabrication 
process. 

Two prototype wafers contained 40 test 
structures like the one shown in the figure. 
The contact resistances of each wafer had 
bimodal distributions — one mode for the 
even contacts and another mode for the 
odd contacts. This bimodality was attrib- 
uted to a misalignment of the odd contacts 
that was observed under a microscope. 
However, if one plots the contact conduct- 
ance G (i.e., the inverse of the resistance) 


on normal probability paper, then both 
modes extrapolate to similar probabilities 
Y 0 atG = 0. The average Y 0 is a convenient 
measure of the parametric contact yield. 

This work was done by Udo Lieneweg of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 82 
on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 4,725,773). In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial de- 
velopment should be addressed to the 
Patent Counsel, NASA Resident Off ice J PL 
[see page 22]. Refer to NPO-16784. 


Protection Against Brief Interruptions of Power 

A rotating-machine system would bridge gaps of a few cycles in utility power. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


A proposed rotating standby power sys- 
tem would compensate for brief interrup- 
tions in the commercial power supply. The 
system would furnish a few cycles of alter- 
nating current from its stored rotational en- 
ergy. It would protect equipment vulnera- 
ble to brief losses of power; for example, it 
would prevent computers from erroneous- 
ly suppressing or adding bits to the data 
being handled at the moment of a power 
failure. 


Although “uninterruptible” power sup- 
plies make up for low power-main voltages 
by employing synchronous inverters across 
the mains and provide power as long as 
their batteries hold out, they are expensive. 
The proposed rotary standby system may 
be more economical when interruptions 
last no more than a few cycles. 

The standby system could include a syn- 
chronous motor, alternator, or condenser. It 
would operate in synchronism with the 


power-main voltage. It would run on energy 
furnished by the mains, which also supply 
the load composed of computers, air-con- 
ditioning, lighting, and other equipment. 

The synchronous machine would have 
to be large enough to drive the load for the 
maximum expected duration of an inter- 
ruption in power without slowing down ap- 
preciably. The proper size would be deter- 
mined from the total energy needed by the 
load during the longest expected outage, 
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A Synchronous Machine Idles on power from a three-phase utility line. If the utility power 
ceases, the synchronous machine supplies power to the load for a few cycles. 


the energy stored in the rotating mass of 
the machine, and the speed-versus-volt- 
age characteristics of the unpowered but 
loaded machine. 

So that the entire system that includes 
the machine presents a favorable power 
factor to the utility lines, its phase angle 
would be adjusted by standard power-fac- 
tor controllers. The adjustment would low- 
er electricity bills by reducing — or even 
canceling — the reactive volt-amperes 
drawn by the load. However, the phase 
angle between the line and the machine 
should not be made so large that it pro- 
duces a large phase shift when the line 
drops out and the machine takes over. 
Such a shift could disturb some types of 
power supplies, especially in single-phase 
applications. 

To demonstrate the concept, tests were 
run on a 15-kW, 18.7-kVA generator con- 
nected as a synchronous condenser and 
standby power source. The unit was oper- 
ated with and without a flywheel attached. 
The time in 60-Hz alternating-current cy- 
cles was measured from the instant the 
line power was interrupted until the gener- 
ator voltage dropped to 422 V (88 percent 
of its rated output). With the flywheel, that 
time proved to be ample for brief outages, 
with a worst-case value of 2.2 cycles under 


full load at unity power factor. 

This work was done by Theodore A. 
Casad of Caltech for NASA’s Jot Propul- 
sion Laboratory. For further information, 
Circle 56 on the TSP Request Card. 
NPO-16768 


New Books, Posters 
and Videotapes 

A free brochure describes the com- 
plete line of books, posters, and 
videotapes from NASA Tech Briefs. 
Circle Number 700 for your free copy. 


WANT TO MEASURE MICRO-OHMS, 
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We have high-performance, low-cost solutions for 
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"NASA Tech Briefs 
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—Alex Wellins 
Director of Marketing, 

The Visionics Corporation 


4 ‘Advertising is extremely 
important to Visionics. We 
market the EE Designer series of 
PC-based CAE/CAD software direct 
to the end-user, so we rely on NASA Tech 
Briefs to generate quality leads for us. 

We find that NASA Tech Briefs not only generates 
a good number of leads, but, more importantly, 
that an extremely high percentage of these leads 
are turned into sales. As an advertiser, that’s 
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No Problem! 


The Nicolet 4094C Digital Storage Oscilloscope gives you the maximum 
versatility and value with software solutions beyond locked-in front 
panel functions. 


■ Real Time Functions 

Functions such as FFT, MIN/MAX, Summation, Vir- 
tual or Exponential Averaging are available with the 
4180 and 4570 plug-ins, providing you with live, 
real time display of your waveform data. 

■ PC Software 
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which allow you to transfer, display and manipu- 
late 4094 data on your PC. There are also over 100 
disk-downloadable programs available for the 
4094. 


■ External Control 

With programs like Waveform BASIC, you can even 
create your own custom programs for data manipu- 
lation and external control of the 4094C. IEEE 
(GPIB) and RS232 interfaces are included for easy 
communications with a PC. 

■ Programming Support 

Nicolet ’s application support can make all the dif- 
ference. Our application engineers are a phone call 
away and are always ready to help you. 
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Nicolet Test Instrument Division 

5225-2 Verona Road, Madison, WI 53711 • 608/273-5008 or 800/356-3090 
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Adaptive Control of Remote Manipulator 

A reference trajectory is tracked without modeling robot dynamics. 


NASA's Jet Propulsion Laboratory, Pasadena, California 


A robotic control system (see figure) 
causes a remote manipulator to follow 
closely a reference trajectory in a Carte- 
sian reference frame in the work space, 
without resort to a computationally inten- 
sive mathematical model of robot dynam- 
ics and without knowledge of the robot and 
load parameters. The system, derived 
from linear multivariable theory, uses rela- 
tively simple feedforward and feedback 
controllers with model-reference adaptive 
control. 

The system requires measurements of 
the position and velocity of the end effector 
of the manipulator. These can be obtained 
directly from optical sensors or by calcula- 
tion using the known kinematic relation- 
ships between the measured manipulator- 


joint angles and the end-effector position. 

In deriving the control equations, the 
coupled nonlinear differential equations of 
the robot dynamics and kinematics are 
first expressed in general form, then 
linearized by the calculation of perturba- 
tions about a specified operating point in 
the Cartesian coordinates of the end effec- 
tor. The resulting mathematical model is a 
linear multivariable system of order 2n 
(where n = the number of independent 
spatial coordinates of the manipulator) that 
expresses the relationship between the in- 
crements of the n actuator control voltages 
(inputs) and the increments of the n coor- 
dinates of end-effector trajectory (outputs). 

The problem then becomes one of mak- 
ing the end-effector trajectory increments 


track the reference-trajectory increments: 
this requires independent feedback and 
feedforward controllers. The feedback con- 
troller provides a stable closed-loop system 
with poles at desired locations in the 
Laplace-transform complex-frequency do- 
main and ensures that initial tracking er- 
rors decrease asymptotically to zero with 
time. For this purpose, it suffices to apply 
position and velocity feedback through 
n x n position- and velocity-feedback gain 
matrices. 

The feedforward controller causes the 
actual position to track the reference posi- 
tion. The incremental feedforward con- 
troller is chosen to be the minimal-order in- 
verse of the end-effector transfer function. 
The total control law combines the trajec- 



Note: K p , C, A, B, and K v are Controller- Gain Matrices 


The Adaptive Control System, using feedforward of the desired trajectory and feedback of the actual manipulator position and velo- 
city, causes the manipulator to track a reference trajectory. The system is insensitive to changes in the robot and load parameters 
and requires less computation and memory than do other control systems of similar capability. 
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Stil Crazy 

After Al - 


1946 

When the David Samoff 
Research Center was working on 
color TV in the early 1940’s, people may 
have thought, “That’s crazy!” Yet, in ’46 
we publicly demonstrated a practical, all- 
electronic compatible color TV 
system. It was accepted as the 
industry standard in 1953, 
and is still used today. 


1964 




ears. 


In the 1950’s, the concept of low-power, high-speed integrated 
circuits a few thousandths of a square inch in size existed 
only in science fiction, and the laboratory. But in 1964, 
we introduced the first complementary metal 
oxide semiconducting chip. Then demon- 
strated its marketplace value by building the 
first CMOS 8-bit microprocessor. 


1955 -’86 

Is it outrageous to work with an 
Emmy-award winning research center? 
The fact is, we’ve won two Emmys over 
the years for bringing new technology 
into the home: one in 1955 for the tri- 
color picture tube and another in 
1986 for stereo TV. Today, we’re 
s> advancing audio, video and 
computer technologies that may 
become the fully integrated home 
information center 
of the future. 


Wf 1986 

Whs it preposterous of us to try to 
reproduce the power of a room-sized^* 
laser in a smaller unit? No, we actually made our latest 
surface-emitting diode lasers smaller than the head of a 
pin. But what’s really incredible are the opportuni- 
ties they’ve opened for miniaturizing equip- 
ment in medicine, computing and satel- 
lite communications. 



1982 

Once world 
"communications had 
been linked via satellite, further 
innovations seemed highly improbable. 
Then one of our multidisciplinary research 
teams developed the first solid state amplifier 
for use in orbit, which doubled the capacity of our 
early “birds,” and extended their operating life. 


During the early 60’s, a 
we were a pioneer in m 
superconductivity research, I 
and the leader in developing j 
commercial applications for I 
superconducting wire which I 
operated at extremely low l 
temperatures. Modem J 
superconductors have no 1 
resistance to electricity at 
twice the previous tempera-" 
ture and can levitate a magnet 
like the one shown here, but we’re working on super- 
conductive circuits that will operate at room temperature. 



F or over 40 years, the David Samoff Research Center has been turning man’s wildest 
flights of fancy into marketplace realities. 

Now, after all those years as a proprietary R&D facility for RCA and General Electric, Samoff 
is an independent contract research center. 

And business is growing like crazy. 

Our continuing success in contracts and joint ventures ranges from computerized automobile 
controls and radar measurements for steel blast furnaces to plasma physics. 

Wfork in progress spans everything from high-definition television systems to transmitting data 
by laser to erasable optic disks. For our current capabilities report, 
contact Joseph C. Volpe, Vice President, Marketing, at the 
David Samoff Research Center, CN 5300, Princeton, NJ 08543-5300, 
or call (609) 734-2178. 

Then bring us your troublesome projects, allegedly impos- 


DAVID 

Samoff 


RESEARCH CENTER 


sible technological hurdles and seemingly unreachable goals. 
We’re crazy enough to turn them into serious successes. 


A subsidiary of SRI International 


Heads in the clouds, feet on the ground. 


Emmy statuette is trademark of ATAS/NATAS. 


Circle Reader Action No. 604 


The Sarnoff Center will be located in booths 2302-2304 at the CLEO-QLES Conference, the Baltimore Con- 
vention Center, April 25-27. Come see us! 



tory and actuator-voltage increments with 
the values of the actuator voltages and 
positions at the nominal operating point. 

The gains of the controllers and the op- 
erating-point term in the total control law 
are varied continuously to adapt to varia- 
tions in the coefficients of the robot model 
due to changes in the operating point. The 
adaptation laws, derived by the Lyapunov 
method, do not require the knowledge of 
any robot parameters or of the payload and 


are based entirely on the reference trajec- 
tory and the tracking error, both of which 
are available. Thus, the adaptive controller 
treats the robot as a "black box.” 

This work was done by Homayoun 
Seraji of Caltech for NASA’s Jet Propul- 
sion Laboratory For further information, 
Circle 147 on the TSP Request Card. 

In accordance with Public Law 96-5 17, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 


for its commercial use should be ad- 
dressed to 
Edward Ansell, 

Director of Patents and Licensing 
Mail Stop 301-6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena. CA 91125 

Refer to NPO-16922, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Eight-Channel Spectrometer 

Photodetector signals are multiplexed for digitization and recording. 


Marshall Space Flight Center, Alabama 


An inexpensive, compact, battery- 
powered, eight-channel spectrometer (see 
figure) produces ©-bit digital data in each 
channel and records the data for subse- 
quent reconstruction in analog form a for 
transmission to a computer for analysis. 
The unit is designed for use in the analysis 
of rocket-exhaust plumes. Modified ver- 
sions of the spectrometer could be used to 
analyze combustion in boilers or gas tur- 
bines. 

The photodetector for each channel is a 
silicon positive/intrinsic/negative diode 


operating in the photovoltaic mode. The 
wavelength range is 185 to 1,150 nm.Alens 
and a filter of ~10-nm bandwidth at the 
spectral line of interest are placed in front 
of each detector. The outputs of the detec- 
tors are fed through a multiplexer, which 
connects each one in turn (at a rate of 10 
samples per second) to an electrometer 
operational amplifier. Each detector is also 
permanently connected to a feedback re- 
sistor and rolloff capacitors so that the out- 
put of each can be adjusted and scaled to 
obtain a nearly-flat spectral response over 


the wavelength range of interest, with max- 
imum dynamic range. 

To obtain net spectral data, the back- 
ground spectrum is subtracted. Back- 
ground readings taken previously in the 
absence of the plume or flame to be ana- 
lyzed are reconstructed for each channel 
by a digital-to-analog converter and fed to 
the noninverting input terminal of a com- 
parator, while the electrometer-amplifier 
output is fed to the inverting input terminal 
of the comparator. The output of the com- 
parator, which is the net spectral reading in 
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The Eight-Channel Spectrometer digitizes and stores spectral readings during a test as long as 27 minutes. The recorded spectrum as a func- 
tion of time can be read out digitally or “played back” In analog form. 
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MIL-C-55B02. 

0.100'; 0.075',' 0.050" CLs. 
Line counts to 300, options 
at every turn. Lock on. 

Lock on to a little design freedom. 
AMP Box Contact two-piece connectors 
resolve all LRM packaging problems. They 
come with the densities, configurations, 
and styles to cover 18 MIL-C-55302 slash 
sheet numbers, plus a wide range of 
commercial versions. 

Our top box line can mate up to 
300 positions with minimum insertion force. 
Availability? Right now. 

Select 100 mil, 75 mil, or 50 mil 
centerlines. They all feature our four-beam 
receptacle (four-point redundancy), and 
assured critical pin/receptacle alignment. 


Choose solder tails or wire-wrap posts, or 
card extender versions. Add coax, too. 

You can even terminate different conductors 
into this box. 

For product information or literature, 
call us at 1-800-522-6752, AMP Federal 
Systems Business Group, Harrisburg, 

PA 17105-3608. 

For characterized backplane 
assemblies, contact AMP Packaging 
Systems, Inc., P.O. Box 9400, Austin, 

Texas 78766, (512) 244-5100. 

AMP is a trademark of AMP Incorporated 

AIVIP Interconnecting ideas 
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one channel, is digitized. The readings 
from each channel are stored in the main 
memory in a static random-access-memo- 
ry device devoted to that channel. The 
memory holds 27 minutes’ worth of spec- 
tral readings. 

An aiming circuit is used to align the 
spectrometer with a lamp or other artificial 
source of light placed temporarily at the 
test position. This circuit converts the 
reading in each channel to the output of 


one of eight light-emitting diodes. When the 
spectrometer is aligned, these diodes light 
up with equal brightness. 

For analog output or playback of data, 
the digital data from the main memory are 
fed through two quad digital-to-analog con- 
verters, each of which reconstructs the 
readings in four channels. The output in 
each channel can be used to drive a strip- 
chart recorder or other display or record- 
ing device. 


This work was done by Steven W. 
Huston and Milton C. Hensley of Rockwell 
International Corp. for Marshall Space 
Flight Center For further information, Cir- 
cle 99 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 22 j. Refer to 
MFS-29421. 


Liquid-Crystal Optical Correlator 


A liquid-crystal television screen serves as a spatial light modulator. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


An optical correlator uses a commer- 
cially-available liquid-crystal television 
(LCTV) screen as a spatial light modulator. 
Correlations with this device can be done 
at video frame rates, making such opera- 
tions as bar-code recognition possible at a 
reasonable cost. With further develop- 
ment, such a correlator may be useful in 
automation, robotic vision, and optical im- 
age processing. As higher resolution 
LCTV’s are developed, the resolvability of 
such correlators will increase, the cost of 
this improvement being borne by the con- 
sumer television market. 

The correlator is shown in the figure. An 
input video signal generated by a comput- 
er, video camera, or television receiver is 
sent to the LCTV screen. A collimated laser 
beam is incident upon the screen. Each 
LCTV picture element consists of two 
parallel polarizers with a polarizing liquid 
crystal in between that is oriented by an im- 
pressed electric field. The light transmis- 
sion through each picture element ranges 


from about 0 to a maximum value depend- 
ing on the bias applied. 

Thus, the video modulation applied to 
each picture element determines the 
amount of laser light that passes through it. 
As a result, the collimated beam is spatially 
modulated so that a cross section of the 
beam looks like the television image. 

The light transmitted through the screen 
passes through a lens focused on the 
Fourier-transform plane. A reference light 
beam, split off by a beam splitter after col- 
limation, is focused by a long-focal-length 
correlation lens and reflected onto the cor- 
relation plane beyond the Fourier-trans- 
form plane. A Fresnel-zone plate of the pat- 
tern with which it is desired to correlate is 
formed at the Fourier-transform plane. In 
the initial experiments, the pattern was a 
computer-generated Ronchi ruling and 
was recorded at the Fourier-transform 
plane with a thermoplastic recording 
camera. In a more sophisticated version, 
spatial filtering was added to remove the 


grid patterns of the LCTV screen. 

When an image is subsequently im- 
pressed on the screen, the light pattern on 
the correlation plane shows the correlation 
between the present image and the one 
represented on the zone plate. A detector 
array, photographic film, or other medium 
may be used to record the correlation pat- 
tern. 

This work was done by Hua-Kuang Liu 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Circle 
143 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad- 
dressed to 
Edward Ansell 

Director of Patents and Licensing 
Mail Stop 301-6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16750, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



In the Optical Correlator, the liquid-crystal television screen serves as a transmitting spatial light modulator. The correlation between the pat- 
tern on the screen and the pattern represented on a zone plate at the Fourier-transform plane appears as a pattern on the correlation plane. 
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Optical Receivers With Rough Reflectors 

A postdetection processor analyzes signals to reconstruct the 
transmitted message. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


A proposed receiver for optical commu- 
nications would use a rough reflector in- 
stead of the diffraction-limited reflector 
customarily thought to be necessary for 
such systems. The rough reflector would 
collect and focus the optical signal. The 
other receiver components include a nar- 
row-passband optical filter to reject out-of- 
band background radiation, a spatial filter 
to limit the receiver field of view, an optical- 
detector array (typically two concentric de- 
tectors), and a postdetection processor to 
reconstruct the transmitted message (see 
figure). 

In price and performance, rough-reflec- 
tor receivers are expected to be competi- 
tive with receivers using diffraction-limited 
optics, when large-aperture reflectors are 
required and background noise is not too 
high. A diffraction-limited reflector provides 
the greatest protection against back- 
ground noise because the receiver field of 
view can be minimized. However, a large 
diffraction-limited reflector is difficult and 
costly to construct. 

The error probabilities for a receiver em- 
ploying a rough reflector depend on the 
average signal and background counts, 
which in turn depend on the reflector rms 
(root mean square) surface deviation (sur- 
face roughness), the average correlation 
length of the surface deviation, the reflec- 
tor aperture, and the receiver field of view 
The error probabilities must be optimized 
to achieve the best performance as the 
other parameters are changed. In the ab- 
sence of background radiation, only one 
detector is required, and the only draw- 


back in using a rough reflector is that the 
larger field of view required for a given per- 
formance level increases the chance that 
signal sources other than the intended one 
might enter the field of view. 

The degradation, induced by noise, in 
the performance of a rough reflector can be 
viewed as a loss of effective collecting aper- 
ture. The effective diameter can be ex- 
pressed as the diameter of a diffraction-lim- 
ited reflector of equivalent performance. 
For a rough reflector having an aperture di- 
ameter of 20 m, a surface roughness of 
2 jim, and a correlation length of 1.4 ^m in 
a receiver operating at a symbol error 
probability of 10 _5 , the effective aperture 
diameter decreases to 10 m as the back- 
ground noise increases from 0 to 0.1 
counts per picosteradian. 

For a signal with a circularly-symmetric 
intensity distribution emanating from a 
pointlike source, the receiver can be op- 
timized by partitioning the field of view into 
two concentric regions, each of which con- 
tains an independent detector. In addition 
to the background noise, one detector is 
designed to receive a significant portion of 
the signal in the central diffraction ring, 
while the other is included to receive a 
significant portion of the signal scattered 
out of the central diffraction ring. The out- 
put signal is computed using a decision 
function involving weighted sums of the 
two detector signals. 

This work was done by Victor A Viln rotter 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
149 on the TSP Request Card. NFO-16664 



An Optical Receiver With a Rough Reflector rely on spectral filtering, spatial filtering, and 
postdetection signal processing to achieve performance nearly equivalent to that of a re- 
ceiver with a diffraction-limited reflector. 
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Digital Controller for Acoustic Levitation 

A computer controls sonic fields in three dimensions. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


An acoustic driver digitally controls 
sound fields along three axes. It allows the 
computerized acoustic levitation and ma- 
nipulation of small objects for such pur- 
poses as containerless processing and nu- 
clear-fusion power experiments. It may 
also be used for controlling the motion of vi- 


bration-testing tables in three dimensions. 

The driver produces three mutually or- 
thogonal sine waves, maintaining precise 
relationships among their frequencies, 
phases, and amplitudes. The driver outputs 
are independently determined by digital 
signals from 11 function registers (see 


figure). The registers are parallel-input, 
parallel-output storage devices, connected 
to receive control signals from a twelfth 
register, the computer-interface register. A 
computer sends data to the computer-in- 
terface register over 10 input lines. 

In the z-axis channel, register 1 controls 
a frequency divider that operates on the 
5-MHz clock signal. In combination with a 
phase-locked loop and a sine-wave gener- 
ator, the divider produces a carrier wave. 
Under control of register 9, the degree of 
modulation of the carrier wave is estab- 



A Computer Sends Instructions to a computer-interface register, which distributes them to various registers in the acoustic controller. The 
channels for the z and x axes use three registers each, and the channel for the y axis uses two. The functions of three additional registers are 
shared by the channels. 
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1'ished. The modulated carrier Is fed to a 
level controller, where the output level am- 
plitude Is set according to the data in 
register 6. After amplification, this audio 
signal is fed to the z-axis acoustic trans- 
ducer. 

In the x-axis channel, registers 2, 10, and 
7 do the frequency, modulation, and ampli- 
tude control, respectively. In the y-axis 
channel, the output of the x-axis phase- 
locked loop is fed to the sine-wave genera- 
tor. This ensures that the frequencies of the 
x and y axes are identical. The degree of 
modulation and amplitude are controlled 
just as in the z and x channels, by registers 
11 and 8. 

For all channels, the modulating fre- 
quency is controlled by the data in register 
3. This register feeds the modulators in 
each of the channels synchronously. It can 
vary the modulating frequency from about 
0.05 to 12 Hz and integral multiples thereof 
up to 1,000 Hz. 


A phase-control circuit receives instruc- 
tions from register 4. This circuit produces 
a pulse that starts the x and y sine-wave 
generators on their sine-wave cycles. It 
thus fixes the phase relationship of the x 
and y channels. The phase-control circuit 
receives its clock pulses from the x-axis 
phase-locked loop so that its function is 
synchronized with the x and y carriers. 

When activated by register 5, a duty- 
cycle controller commands the phase-con- 
trol circuit to reverse. This reverses the 
sine waves on the x and y axes. 

The driver produces its outputs at fre- 
quencies ranging from 620 to 10,000 Hz, 
depending on the choice of equipment. 
The frequency of a given equipment selec- 
tion can be varied over a 1-octave range by 
the computer software. 

This work was done by D. Kent Tan/er of 
Caltech for NASA's Jet Propulsion Lab- 
oratory. For further information, Circle 134 
on the TSP Request Card. NPO-16623 


Timing Sampler for Delay Measurements 

One chip contains delay chains and associated testing circuits. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


An integrated circuit called a timing 
sampler is used to measure delays in com- 
plementary metal oxide/silicon logic gates, 
as part of the system described in the pre- 
ceding article. The circuit chip contains 
chains of inverters and metal traces having 
the minimum parasitic delays (delay chains), 
circuits to compare pulse timings, and an 
output multiplexer (see Figure 1). The 
timing sampler enables delay measure- 
ments for both positive and negative logic- 


level transitions by use of a variety of circuit 
geometries representing tentative practi- 
cal designs. 

There are 128 delay chains, eight of 
which are metal traces. Each of the re- 
maining 120 chains is a series of 40 in- 
verters. The chains differ in the sizes and 
shapes of the transistors in the inverters 
and in the inverter loadings: The n-channel 
(pulldown) transistors have widths of 3, 4.5, 
6, 9, and 12 jim. The p-channel (pullup) re- 



Figure 1. The Timing Sampler is an integrated circuit that includes metal traces and inverter 
chains to be tested for signal-propagation delays. The circuit chip also includes timing com- 
parators (C-elements) and a computer-controlled multiplexer that connects the C-element 
outputs to the computer one at a time. 
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with hysteresis. It is used as a timing comparator because its output depends on whether the 


Figure 2. A C-Element is a bistable circuit 
“start” or the “stop” pulse arrives first. 

sistors and the pulldown transistors have 
the same lengths, the values being 3, 6, 9, 
and Wixm. The ratios of the widths of the 
pullup transistors to those of the pulldown 
transistors are 1, 1.5, and 2. In 60 of the de- 
lay chains, loads are connected to the out- 
put of every other inverter to simulate a 
fanout of two for each inverter pair. The in- 
put ends of all the delay chains are con- 
nected to a common input "start” line. 

At the output end of each delay chain is 
a bistable circuit called a "C-element” (see 
Figure 2), which has two input terminals 
and one output. A C-element of this type is 
constructed with the output of a three-input 
majority circuit connected back to one in- 
put. One C-element input is connected to a 
common input “stop” line; the other input 
is connected to the output of the last in- 
verter in the chain. The latter input is spe- 
cially designed to provide the same load to 
the last inverter as that connected to the 
other inverters in the chain, so that the 
delay of the last inverter is the same as 


those of the preceding inverters. (Delay is a 
function of loading.) 

The output of each C-element is con- 
nected to a 128-to-1 multiplexer, the output 
of which is the timing-sampler output. The 
C-element exhibits hysteresis: Its output 
logic state becomes zero when both inputs 
are zero, or one when both inputs are one; 
otherwise, the output remains in its previ- 
ous state. The output transitions depend on 
which of the two input signals arrives first: 
the “stop” pulse or the “start” pulse, which 
has been delayed by propagation through 
the delay chain. 

The timing sampler is used with other 
equipment that adjusts the interval be- 
tween the “start” and “stop” pulses until 
both pulses arrive at the C-element input at 
the same time, as indicated by the C-ele- 
ment output signal. In a series of such 
measurements, an experimental timing 
sampler performed as expected. When 
correlated with the circuit geometries, the 
measurements showed that the inverter 


delay is inversely proportional to the tran- 
sistor width. 

This work was done by Brent R. Biaes 
and Martin G. Buehler of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 140 on the TSP 
Request Card. 

Title to this invention, covered by U.S 
Patent No. 4, 688, 94 7 has been waived un- 
der the provisions of the National Aero- 
nautics and Space Act [42 U.S.C. 2457(f)]. 
Inquiries concerning licenses for its com- 
mercial development should be addressed 
to 

Edward Ansel I 

Director of Patents and Licensing 
Mail Stop 301-6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16645, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Acousto-optical /Magneto-optical Correlator or Convolver 

Binary signals are processed optically in multiple channels. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 


An experimental system has been built 
to demonstrate the optical processing of 
multiple channels of binary signals. One of 
the input channels contains a signal that 
varies with time and is applied to a one-di- 
mensional acousto-optical cell. The other 
input channel contains a two-dimensional 
pattern that can be stationary or that can 
vary with time and is applied to a magneto- 
optical spatial light modulator. The output is 
the time-varying correlation or convolution 
of the first input with one of the rows in the 


second input. 

As shown in Figure 1, a laser beam is ex- 
panded in a horizontal plane by cylindrical 
lens L 1 and collimated by cylindrical lens 
L^. The expanded beam passes through 
the acousto-optical cell, where it is in- 
tercepted by the moving diffraction grating 
created by the time-varying input signal. 
The transmitted, diffracted beam passes 
through Fourier-transform cylindrical lens 
L 3 , which enables a spatial filter to select 
the portion of the signal refracted to the 


positive first order. 

The beam is expanded vertically by cy- 
lindrical lens L 5 , while a second Fourier- 
transform cylindrical lens, L 4 , restores the 
filtered moving grating pattern. The fully ex- 
panded beam is imaged on the magneto- 
optical spatial light modulator. The pattern 
of light transmitted through this modulator 
contains the product of the one-dimension- 
al, moving input pattern, with each of the 
patterns stored on each row of this mod- 
ulator. 
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Figure 1. Using Acousto- and Magneto-optical spatial light modulators, this apparatus proc- 
esses two streams of binary signals optically. 


The convolution or correlation of the two 
patterns with each other is obtained via the 
Fourier transform of the product of the two 
input light-transmission patterns. (Whether 
the convolution or the correlation is ob- 
tained depends upon the order in which the 
information is stored in each row of the 
two-dimensional pattern.) Because the 
product of the two functbns also contains 
the regular grid structure of the magneto- 
optical modulator, which would cause 
crosstalk between channels, the beam is 
Fourier-transformed by spherical lens L 7 , 
passed through a zero-order transmission 
filter (which removes the grid), and retrans- 
formed by spherical lens L Q . The final cylin- 
drical lens, Lg, focuses each convolution or 
correlation signal onto a series of photode- 


tectors; the time-varying output of each 
photodetector is one of the designated cor- 
relation or convolution signals (see Figure 
2 ). 

This work was done by Hua-Kuang Liu 
of Caltech and Jeffrey A. Davis of San 
Diego State University for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, Circle 138 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 22]. Refer to NPO-17178. 
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Figure 2. In this Simplified Schematic Representation, the convolution of the two inputs ap- 
pears at the output of the photodetector as a signal that varies with time. 
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Books and Reports 

These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP’s) when a Re- 
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Discrete-Time Model- 
Reference Adaptive Control 

The command-generator 
tracker concept is exploited 
in the discrete-time setting. 


A paper discusses the stability of digital 
model-reference adaptive control (MRAC) 
of a robotic system or plant that operates 
at discrete time steps. The command-gen- 
erator tracker (CGT) concept, originally 
proposed for continuous-time systems, is 
applied in the discrete-time setting, ena- 
bling the relaxation of some restrictive as- 
sumptions that guarantee the stability of 
the system controlled according to the re- 
sulting algorithm. 

The mathematical development begins 
with the representation of the plant in deter- 
ministic-autoregressive-moving-average 
form. The CGT condition on inputs and out- 


puts is invoked. Then the error-equation 
dynamics are stated and incorporated to 
obtain a nonadaptive model-reference 
control law. Finally, the indirect MRAC law 
is derived, and the main theorem regarding 
stability is proved. 

The use of the CGT concept is novel in 
discrete-time MRAC in that matching of the 
model is addressed in terms of the output 
signals rather than the transfer functions. 
The CGT condition enables the formulation 
of the error equation in terms of the param- 
eters of the plant. The indirect adaptive- 
control method of estimating first the un- 
known parameters and using them in, for 
example, the pole-placement algorithm 
can then be applied to the error equation. 
This scheme affords a small reference 
model via the CGT condition and casts 
away the minimum-phase requirement by 
virtue of the adaptive placement of poles. 

There is a price, however. If the CGT 
condition must hold for an arbitrary model 
input signal, then the plant is necessarily of 
minimum phase. If it is not of minimum 
phase, then the resulting control algorithm, 
in its present form, applies only to single- 
input/single-output finite-dimensional sys- 
tems. The tradeoff between the class of 
model input signals and the class of sys- 
tems that can be considered may be a prac- 
tical and desirable one in many situations. 
Likely applications include systems in 
which sensors and actuators are not 
placed together. 

This work was done by John T. Wen and 
Deirdre R. Meldrum of Caltech and Mark J. 
Balas of Rensselaer Polytechnic Institute 
for NASA’s Jet Propulsion Laboratory 

To obtain a copy of the report, " Discrete 
Time Model Reference Adaptive Control 
Using CGT Concept Circle 155 on the 
TSP Request Card. NPO-17062 

Combining Microwave 
Functions To Reduce 
Weight of Spacecraft 

Propulsive and scientific 
systems would share a 
common microwave 
subsystem. 

A report discusses the integration of 
sources of microwave power for micro- 
wave-arcjet propulsive systems and such 
microwave instruments as synthetic-aper- 
ture radar and radiometers in spacecraft. 
This integration is an essential feature of 
the Combined Microwave Science and Pro- 
pulsion (COMAPP) concept, which incorpo- 
rates a new approach to the design of 
spacecraft for the exploration of planets. 

One of the principal objectives in COM- 
APP is to reduce the overall weight of a 
spacecraft and to maximize the portion of 
the weight devoted to scientific instrumen- 
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tation. The general approach involves (1) 
taking advantage of the inherent greater 
efficiency of microwave arcjet propulsion 
than of chemical propulsion in outer space 
and (2) the relative ease of generation of 
the large amounts of solar/electric power 
required by the scientific and propulsive 
systems. 

A large fraction of the mass of a micro 
wave-arcjet propulsive system is in the 
source of microwaves. Thus, a significant 
redundant mass can be eliminated by 
using the same source of microwaves for 
both science and propulsion. This also 
makes it possible to reduce mass further 
by eliminating redundant monitoring, power- 
supply, and heat-rejection equipment. 

The source of microwaves would proba- 
bly include one or more magnetrons, 
which offer a fairly-low mass-to-power ratio 
(typically 0.4 g/W), a high energy-conver- 
sion efficiency (about 72 percent in a kitch- 
en microwave unit), a moderate anode op- 
erating temperature (about 250 °C), and 
suitability for use in phased-array anten- 
nas. The relatively-simple power-process- 
ing requirements of magnetrons enable 
the use of power supplies that have mass- 
to-power ratios of less than 3.5 g/W. 

It may be possible to extend the integra- 
tion beyond the microwave-source stage 
to the thrustor(s), which could also be used 
as microwave radiators when the flow of 
propellant gas is turned off. The propelling/ 
radiating structure might consist of a large 
array of thrustor(s)/microwave radiators 
mounted near power converters and ther- 
mal radiators. Each thrustor(s)/microwave 
radiator could be driven by its own magne- 
tron, and a low-power microwave distribu- 
tion system could carry modulation and in- 
jection-lock the magnetrons. Of course, 
such integration of thrustor(s) and anten- 
nas may necessitate the reorientation of 
the spacecraft between thrusting and radi- 
ating modes. 

The reduction in mass achievable by inte- 
gration is roughly proportional to the micro- 
wave power required by the arcjet. A pre- 
liminary estimate shows that 100 kg of the 
magnetron mass can be achieved at a power 
of 1 MW. Furthermore, less propellant 
would be required because of the in- 
creased performance of the microwave- 
arcjet propulsion system. For a spacecraft 
having an initial mass of 50,000 kg under- 
going an increase in velocity of 6 km/s dur- 
ing a transition from low orbit to syn- 
chronous orbit around the Earth, the saving 
in propellant mass is estimated to be 
12,400 kg. 

This work was done by Bryan A. 
Palaszewski and Richard M. Dickinson of 
Caitech for NASA’s Jet Propulsion Labo- 
ratory. To obtain a copy of the report, " Mi- 
crowave Arcjet Propulsion/Science Instru- 
ment Integration , " Circle 27 on the TSP Re- 
quest Card. NPO -16953 
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Correlation Functions Aid Analyses of Spectra 

Signals much weaker than noise are identified. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 



SPECTRA 



Lag, cm 

CORRELATION 

A Noisy Spectrum was measured In the upper atmosphere In the search for the character- 
istic lines of C0 2 - A correlation peak was found between a synthetic C0 2 spectrum and the 
noisy data, leading to a “best-fit” C0 2 spectrum extracted from the measurements. 


New uses have been found for correla- 
tion functions in analyses of spectra. In an 
approach that combines elements of both 
pattern-recognition and traditional spec- 
tral-analysis techniques, spectral lines can 
be identified in data that appear useless at 
first glance because they are dominated 
by noise. The new approach should be par- 
ticularly useful in the measurement of con- 
centrations of rare species of molecules in 
the atmosphere. 

The cross-correlation function, C(x), of 
two functions ^(x) and f 2 (x) is defined by 

C(x) = ^ J°° f 1 (x' + x) f 2 (x')dx' 

Depending on its sign, x is called the “lead” 
or “lag.” If t A and f 2 are identical, then C(x) 
becomes the autocorrelation function A(x). 
A new quantity called the “heteromorphic 
coefficient” (H) is defined to express the 
degree to which fj and f 2 match each other: 
H = [A,(0)-A40)yC max 
where C max = the peak value of C(x), 
usually (but not always) found at x = O.His 
0 if f, and f 2 are identical and diverges to- 
ward infinity if fj and f 2 are uncorrelated. 

Suppose that <j(x) represents an espe- 
cially-noisy spectral intensity as a function 
of the reciprocal of wavelength and tyx) 
represents a synthetic, laboratory, or theo- 
retical spectrum for which one is search- 
ing in the noisy data. C(x) is computed, and, 
if a correlation peak is found (see figure), 
then f 2 is adjusted in amplitude and wave- 
length until it gives the best fit as indicated 
by the approach of H to 0. Because of 
noise in the autocorrelation functions, H 
cannot necessarily reach precisely 0; and 
one can compute a limiting value of H 
toward which to strive, to avoid overfitting 
of data. 

The lead or lag in the correlation peak 
also yields useful information. In the exam- 
ple of the figure, the lag of 0.049 cm _1 indi- 
cates a Doppler shift caused by a relative 
velocity of about 6.3 km/s between the 
spectrometer and the atmosphere. 

Correlation analysis is much more ef- 
fective than traditional spectral-analysis 
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techniques in the extraction of weak sig- 
nals that appear to be hopelessly “buried” 
in noise. Both visual inspection and least- 
squares analysis are point-by-point-com- 
parison techniques that fail to identify sig- 


nals lower than about 1 standard deviation 
of the noise. On the other hand, cross-cor- 
relation exerts a powerful averaging effect 
that suppresses the effect of noise be- 
cause it considers an entire spectral inter- 
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val instead of the small interval around an 
individual spectral line. 

Correlation analysis works best over 
large spectral intervals containing highly 
structured spectra with many lines. It is not 
expected to be useful in the search for 
broad, shallow spectral continua. When 
spectral lines of more than one molecule 


are sought, all have to be fitted concurrent- 
ly to make H converge properly: the tech- 
nique to do this will require further re- 
search. When a Doppler shift is present, 
the spectral interval must be restricted 
somewhat so that the dependence of the 
shift on frequency does not, itself, result in 
decorrelation. (However, a correction for 


this dependence could presumably be 
made in the synthetic spectrum.) 

This work was done by Reinhard Beer 
and Robert H. Norton, Jr., of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 156 on the TSP 
Request Card. 

NPO-17306 


Acoustical Measurement of Furnace Temperatures 

Simple probes withstand severe conditions, yet give spatially-resolved temperature readings. 


NASA ’s Jet Propulsion Laboratory, Pasadena, California 


A prototype acoustical system has been 
developed to measure temperatures from 


ambient to 1,800 °F (1,000 °C) in such 
structures as large industrial lime kilns and 


recovery-boiler furnaces. The acoustical 
temperature probes are simple, rugged 


Sensing Tube 



TEMPERATURE MEASURING SYSTEM 


Transmitted 


Pulse 



Pulses of Sound are reflected from obstructions in the sensing tube. The speed of sound and the temperature in each segment are deduced 
from the travel times of the pulses. 
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tubes of stainless steel, ceramic, or other 
suitable materials. The acoustical system 
gives spatially resolved measurements of 
temperature and replaces thermocouples, 
which are attacked by the corrosive at- 
mospheres of the kilns and furnaces. Al- 
though pyrometers could be used in place 
of thermocouples, they cannot resolve 
spatial variations of temperature within 
their fields of view. 

The system (see figure) is based on 
measurement of the travel times of pulses 
of sound. A loudspeaker or other suitable 
transducer at one end of the sensing tube 
acts as the transmitter and receiver. 
Signals from a pulse generator are con- 
verted by the transducer to pulses of 
sound, which travel along the sensing tube. 
Holes, diametrical rods, or other obstruc- 
tions are placed at intervals along the tube 
to reflect sound back to the transducer. 

The transducer converts the reflected 
pulses of sound back into electrical sig- 
nals, which are displayed on an oscillo- 
scope or fed to a digital waveform analyzer. 
The oscillogram or the analyzer output 
gives the time between the transmitted 


pulse and each of the received pulses. The 
speed of sound C n in the segment of the 
tube between the n - 1st and nth reflec- 
tors is given by 

C„ = 

where l n is the distance along the tube be- 
tween the two reflectors and t n and f n _ 1 
are the times of receipt of the nth and 
n - 1st pulses, respectively. 

The transducer end of the sensing tube 
can be left open to the atmosphere or, if the 
tube is sealed along its length, can be con- 
nected to a supply of a suitable gas at a 
known regulated pressure. In either case, 
the temperature T n in the nth segment of 
the tube is deduced from the simple rela- 
tionship between the temperature and the 
speed of sound: 

T n = &JyR 

where y is the ratio of specific heats and R 
is the gas constant for the gas in the tube. 

The dimensions and material of the 
sensing tube are chosen so that the trans- 
fer of heat along the tube by conduction 
and convection is much weaker than the 


radial transfer of heat through the wall of 
the tube. Thus, at a given location along the 
tube, temperature of the gas inside the 
tube is nearly the same as that of the gas 
just outside the tube, and the travel times of 
the pulses give good indications of the lo- 
cal temperatures in the gas just outside the 
segments of the tube. 

This work was done by Shakkottai 
Parthasarathy and Shakkottai P. 
Venkateshan of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, Circle 91 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad- 
dressed to 
Edward Ansell, 

Director of Patents and Licensing 
Mail Stop 301-6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17007, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Phase-Modulation Gas-Correlation Spectroscopy 

Features include high spectral discrimination and sensitivity. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 



Figure 1. This Laboratory Prototype System was used to demonstrate electro-optical 
phase-modulation gas-correlation spectroscopy. 


Electro-optic phase-modulation gas- 
correlation spectroscopy has been dem- 
onstrated in laboratory tests to be a 
promising candidate technique for remote 
sensing of gases, temperatures, and wind 
velocities in the atmosphere. In this tech- 
nique radiation emitted by the sample at- 
mosphere is passed through an electro-op- 
tic phase modulator, and the modulated 
and unmodulated versions of the spectrum 
are alternately passed through a reference 
absorption cell containing the gas to be de- 
tected. The radiation emerging from the 
reference cell is band-pass filtered and de- 
tected. The correlation signal is the differ- 
ence in intensity between the phase-modu- 
lated and unmodulated detected signals. 

The phase modulation redistributes the 
emission spectrum into upper and lower 
sidebands displaced from the original 
spectral lines by integral multiples of the 
modulating frequency. Emission or absorp- 
tion lines in the modulated sample spec- 
trum that correlate with absorption spec- 
tral lines of the gas in the reference cell 
alter the power transmitted to the detector. 
Thus, the measurement is most sensitive 
to the spectrum in the input radiation cor- 
responding to the species contained in the 
reference cell. 

The laboratory prototype system shown 
in Figure 1 has been used to measure part 
of the infrared spectrum of N 2 0. Black- 
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body radiation from a glow bar at a temper- 
ature of 1,000 K is chopped mechanically 
at a rate of 500 Hz and passes through a 
1-cm-thick cell containing the N 2 0 sample 
gas. The radiation, which now contains an 
Np absorption spectrum, passes through 
an electro-optic phase modulator and 
through a 1-cm-thick reference cell con- 
taining N 2 0. 


The modulator, a crystal of CdTe, is acti- 
vated and deactivated by turning a 15-W, 
100-MHz modulating signal on and off at a 
repetition rate of 10 kHz. A lock-in amplifier 
synchronized to the 10-kHz signal process- 
es the detector output to obtain the corre- 
lation signal. Another lock-in amplifier syn- 
chronized to the mechanical chopper 
processes the detector output to obtain a 
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How could software so powerful be so friendly? 


MACSYMA saves you days or weeks of 
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erence Manual, which get you started on basic 
applications and keep you going. 

MACSYMA is at work today through- 
out the world, solving problems in engineering, 
science, and economics. It has the expertise to 
select which techniques to use in many situa- 
tions and implements them: in algebra and trig- 
onometry, calculus, differential equations and 
integral equations, Laplace and Fourier trans- 
forms, vector and tensor calculus, and more. 

And MACSYMA has greater depth than any 


other mathematics software. 

You can visualize results with 2-D and 
3-D graphics. You can mix MACSYMA code 
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in your existing programs . . . and you can run 
MACSYMA on Apollo, Sun, VAX, and 
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Call for your copy of the MACSYMA 
Quick Reference Card, and see how easily you 
can start automating symbolic and numerical 
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1-800-MACSYMA In Massachusetts, call 
(617) 221-1250. 
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Microsystems, Inc. Apollo is a trademark of Apollo Computer, Inc. Copyright 1989, Symbolics, Inc. 


Circle Reader Action No. 524 


measure of the total radiant energy trans- 
mitted through the system. 

The system was tested at various pres- 
sures of N 2 0 in the sample and reference 
cells from 0 to 10 torr (0 to 1.3 kPa). The 
measurements showed that as the pres- 
sure in the sample cell rises (at a given 
fixed pressure in the reference cell), the 
correlation signal first increases, then 
levels off to a maximum, then decreases. 
The experimental and theoretical correla- 
tion curves were in excellent agreement 
(see Figure 2). 

This work was done by David M. Rider, 
John T. Schofield, Jack S. Margolis, and 
Daniel J. McOeese of Caltech for NASA’s 
Jet Propulsion Laboratory For further in- 
formation, Circle 136 on the TSP Request 
Card. 

NPO-17013 



Figure 2. The Correlation Signal was measured and calculated as a function of the pressure 
of the N JD gas in the sample cell of the system of Figure 1. For this set of data, the pressure 
in the reference cell was 1 torr (130 Pa). 


Electrolytic Heat Switch 

Thermal conduction is altered electrically. 


Marshall Space Flight Center, Alabama 


Experiments have demonstrated the fea- 
sibility of an electrolytic device of electrical- 
ly-controllable thermal conductivity. The in- 
vestigation continues in the effort to develop 
a thermal switch that will be lightweight, less 


than 1 cm thick, and easily integrate into 
existing heat-transfer systems, and that will 
consume minimal electric power while 
switching between the “off” state (low ther- 
mal conductance) and the “on” state (ther- 


mal conductance 10 times that of the “off” 
state). 

The device includes an inner ionomeric 
layer of low thermal conductivity sand- 
wiched between two metal-foil electrodes 
(see figure). When the device is fully devel- 
oped, the ionomeric layer will likely be a 
conductive polymer — perhaps polyani- 
line. In effect, the device will be a metal/ 
conductive-polymer secondary electrical 
cell. 

The electrical charging of this cell causes 
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The Flow of Heat across the electrolytic heat switch Is Increased or decreased by the elec- 
trochemical deposition or dissolution, respectively, of highly-thermally-conductive metal 
dendrites across the thermally insulating layer of electrolyte. 


metal dendrites to grow from the foils 
across the inner layer by the deposition of 
ions from the electrode. Because the 
thermal conductivity of the metal is much 
greater than that of the ionomer, the overall 
thermal conductance of the device de- 
creases as the dendrites grow across the 
inner layer. 

The useful lifetime and operating char- 
acteristics of the device depend on many 
factors that interact with each other. Of 
primary concern is that the metal deposits 
be dendritic rather than spongy or densely- 
packed, smooth layers of crystals. The prop- 
erties of the metal deposits are affected by 
the temperature, current density, type and 
concentration of electrolyte, the type of 
ionomer, the type of filler material (if any) in 
the inner layer, and the sizes, shapes, and 
materials of the electrodes. 

As experience was gained during the 
early experiments, the device evolved 
through several versions. Because the solid 
electrolyte was not sufficiently developed 
for thermal tests, the cells were made with 
liquid electrolytes filled with porous polymer- 
ic materials to reduce thermal conduction 
and to suppress convection in the electro- 
lytes, which also contributes to the trans- 
port of heat. In addition, the anodes were 
covered by perfluorinated cationic mem- 
branes (of a type used as a separator in sil- 
ver oxide batteries) to assure the reversi- 
bility of the electrochemical reactions by 
preventing the dendrites from penetrating 


to the anode and thereby causing electric- 
al short circuits. 

The design selected for thermal tests in- 
cluded silver electrodes, an electrolyte of 
silver nitrate in water, and a filler of polypro- 
pylene felt. In the tests, the thermal con- 
ductivity of the device was increased 21 
percent by the deposition of silver den- 
drites in the inner layer. There is hope for 
considerable improvement because, ac- 
cording to the projections of a mathemati- 
cal model, silver dendrites occupying only 
1 percent of the area of a cell should in- 


crease the thermal conductance by a fac- 
tor of 10. Furthermore, using data from ex- 
periments in electrochemical jigs, it is 
estimated that the power necessary to op- 
erate a typical cell of 20 by 20 cm will be 
only 2.5 W. 

This work was done by Myles Walsh, 
Gregory D\ Andrea, Joseph Adelstein, Brian 
G. Dixon, and R. Scott Morris of Cape Cod 
Research for Marshall Space Flight 
Center. For further information, Circle 118 
on the TSP Request Card. 
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Thermal-Wave 

Microscope 

Images are produced by a 
modified computer-controlled 
scanning electron microscope. 


Lewis Research Center, 
Cleveland, Ohio 


A computer-controlled thermal-wave 
microscope has been developed to investi- 
gate lll-V compound semiconductor de- 
vices and materials. Thermal-wave mi- 
croscopy is a nondestructive technique 
that can provide information on subsur- 
face thermal features of solid samples. 
Furthermore, because this is a subsurface 
technique, three-dimensional imaging is 
also possible. 

Thermal-wave imaging is performed 
with a modified scanning electron micro- 
scope (see Figure 1). An intensity-modu- 
lated electron beam generates thermal 
waves in the specimen. The modulation 
frequency is typically in the range of 0.1 to 
10 MHz. 

The thermal waves generated by the 
electron beam are critically damped, but 
they interact with thermal features in the 
specimen. The thermal waves are not de- 
tected directly. Instead, the acoustic 
waves generated by the thermal waves are 
detected by an acoustic transducer glued 
to the sample. The transducer signal is am- 
plified and fed to a lock-in amplifier before 
undergoing analog-to-digital conversion. 
The image is built up point by point as the 
electron beam is indexed through a raster 
of points under the control of the computer. 
The software that controls the scanning 
electron microscope and handles the im- 
age data was written in FORTFIAN 77. 

Thermal-wave microscopy is limited by 
low signal levels, extremes in signal con- 
trast, and poor edge definition. However, 
once the image data are in the computer, 
various digital techniques can be applied to 
enhance features of interest in the image. 
The resulting images can be fed back to 
the scanning electron microscope for dis- 
play or can be stored on a magnetic disk. 

Thermal-wave images of a stainless- 
steel specimen from a single image scan 
and from averages over 16 and 100 scans 
show the effectiveness of image averaging 
in reducing noise (see Figure 2). These im- 
ages show a granular structure, whereas 
an ordinary secondary electron image of 
the same sample shows only the surface 
texture of the sample. 

This work was done by Robert E. Jones, 
Ihor Kramarchuk, Wallace D. Williams, 
and John J. Pouch of Lewis Research 
Center and Percy Gilbert of Purdue Uni- 



Figure 1. The Thermal-Wave Microscope uses an intensity-modulated electron beam of a 
modified scanning electron microscope to generate thermal waves in a sample. Acoustic 
waves generated by the thermal waves are received by a transducer and processed in a 
computer to form images that can be displayed on the video display of the microscope or re- 
corded on a magnetic disk. 



Thermal-Wave Image — 1 Scan 



Thermal-Wave Image — 100 Scans 



Thermal-Wave Image — 16 Scans 


Secondary-Electron Image 


Figure 2. The Noise in a Thermal-Wave Image of subsurface grain structure of stainless 
steel is reduced by averaging over a number of scans. Also shown for comparison is a scan- 
ning electron micrograph, which shows the surface texture of the specimen but not the sub- 
surface grain structure. 
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SPACE SYSTEMS DIVISION 


Make your 
mark in space, 


San Francisco Bay Area 


The Space Systems Division of 
Ford Aerospace, located in Palo 
Alto, CA, pioneered many of to- 
day’s satellite system technologies. 
From the world’s first active repeater 
communications satellite to the first 
multi-purpose satellites ever placed 
in orbit, we made an indelible mark 
in space. 

And we’re continuing to, in every 
field from commercial communica- 
tions to weather and defense. 

Space Systems Division designs 
and builds the latest innovations in 
space technology. Join us now and 
you can make your mark. 

■ Reliability Engineering 
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■ Senior Spacecraft Power 
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■ Senior Sensors Engineer/ 
Phenomenologist 

■ Senior Spacecraft Packaging 
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■ Senior Antenna Design 
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■ Senior Spacecraft Thermal 
Control Engineer 

■ Senior Microwave Subcontract 
Engineering Specialist 

■ Al Control Systems Scientists 

■ Composites Manufacturing 
Engineering Specialist 
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Manufacturing Engineer 

■ Production Planner 

■ Manufacturing Supervisor 

■ Design Checker 

■ Antenna Technicians 

■ MIC Technicians 

We offer an unparalled development 
environment located in the beautiful 
San Francisco Bay Area, plus com- 
petitive salaries and one of the best 
benefits programs in the industry. 
Send your resume to, Ford Aero- 
space, Space Systems Division, 
Professional Staffing, Dept. 

JP-N389, 3025 Fabian Way, MS/ 
D03, Palo Alto, CA 94303-4697. An 
equal opportunity employer. Princi- 
pals only, please. Candidates must 
be able to work on all classes of 
government material. 




Ford Aerospace 

Command and Control Group 




versify. Further information may be found 
in NASA TM-100157 [N87-26278] "Com- 
puter Control of a Scanning Electron Mi- 
croscope for Digital Image Processing of 
Thermal-Wave Images." 


Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra 


fee by calling (800) 33&4700. The report is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Circle 87 on 
the TSP Request Card. 

LEW-14740 


Spectrograph Measures Contamination of Optical Elements 

Reflectance and transmittance are measured over a range of wavelengths. 


Marshall Space Flight Center, Alabama 



The Contamination-Measuring Instrument contains a scanning-monochromator spectrom- 
eter that measures spectral reflectance or transmittance. This is one of several versions that 
differ with respect to the placement of samples, detectors, and/or auxiliary reflectors for the 
two kinds of measurements. 


A scanning-monochromator spectro- 
graph has been designed to measure con- 
tamination on the surfaces of optical 
elements as a function of time. The spectro- 
graph repeatedly exposes samples to the 
environment, then measures their transmit- 
tances or reflectances over a range of 
wavelengths. The spectrograph is intended 
for use at vacuum-ultraviolet wavelengths to 
evaluate the effects of outgassing, heating, 
and cooling on optical instruments. How- 
ever, the principle of operation is also ap- 
plicable to the spectral monitoring of time- 
dependent contamination at other wave- 
lengths and in laboratory, industrial, or 
other settings. 

The spectrograph (see figure) includes 
an intense source of light with an exit slit 
that serves as the entrance slit to the 
monochromator. For the vacuum-ultravio- 
let wavelength range, the source could be 
a deuterium lamp with a magnesium fluo- 
ride window. The slit is typically 1 mm wide. 
The ribbon-shaped beam of light emerging 
from the slit is dispersed in wavelength by a 
holographic grating, which is rotated to 
scan in wavelength or fixed in orientation to 
select a fixed wavelength that falls on the 
exit slit of the monochromator. A ribbon of 
light at the wavelength of interest emerges 
from the exit slit of the monochromator and 
travels toward the test position. 

A wheel that holds several sample opti- 
cal components rotates until the desired 
sample is at the test position. If the 
transmittance of the sample is to be meas- 
ured, then the photodetector remains at 
the position shown in solid lines while the 
photodetector output is measured as a 
function of wavelength. For calibration, this 
measurement can be taken without any 
sample obstructing the light. If the reflec- 
tance of the sample is to be measured, the 
photodetector is rotated to the position 
shown by dashed lines, and the sample 
wheel is tilted to the position shown by 
dashed lines to reflect light toward the 
photodetector. When samples are not 
being tested, the sample wheel can be ro- 
tated to expose samples to the environ- 
ment. 

The grating, detector, and sample wheel 
are positioned by motors under the control 
of a microprocessor. The data on these 


positions and the photometer-output data 
are synchronized with time signals of the 
system and recorded together in an at- 
tached memory unit for subsequent proc- 
essing. Alternatively, the spectrograph can 
be controlled remotely and/or the data can 
be transmitted to an external memory or 
processor. 

This work was done by Bruce K. Flint, 


Robert D. Fancy, and Robert V. Jarratt, Jr., 
of Acton Research Corp. for Marshall 
Space Flight Center. For further informa- 
tion, Circle 20 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 22 j. Refer to 
MFS-26076. 
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Acoustical Imaging of Defects in Ceramics 

Ultrasound is superior to x rays in the detection of microporosity. 


Lewis Research Center, Cleveland, Ohio 


To date, the strengths of sintered ce- 
ramics (e.g., SiC) vary significantly and are 
about two orders of magnitude below the 
theoretical strengths. Adding to the prob- 
lem is the fact that the fracture strengths of 
identically-produced experimental sam- 
ples differ as much as 35 percent. These 
discrepancies are attributed to voids, inclu- 
sions, agglomerates, and anomalously 
large grains. These defects, which cause 
premature failures, are introduced or 
formed during the ceramic-manufacturing 
process. Considerable work has been 
done already to remove these strength- 
reducing variations in materials. 

Because of their brittle nature, ceramics 
are extremely sensitive to even slight varia- 


tions in microstructure. Direct observa- 
tions have shown the importance of the 
kinds of defects mentioned above by iden- 
tifying them as the sites of localized fail- 
ures. These sites cannot be determined a 
priori by optical and x-ray methods. It 
seems plausible that these failure-causing 
variations do not occur spontaneously in 
isolation but are the result of the history of 
variations in processing. 

Color images obtained from precise 
acoustic measurements reveal subtle vari- 
ations in the porosity fractions and the 
mean sizes of pores in ceramics (see fig- 
ure). The velocity and attenuation of ultra- 
sound have been found to be related di- 
rectly to the density and mean size of the 


pores, respectively. These variations are 
unobservable in x-ray analysis. 

This work was done by Edward R. 
Generazio, Don J. Roth, and George Y. 
Baaklini of Lewis Research Center Fur- 
ther information may be found in NASA 
TM-100129 [N 88-1 5257], “ Imaging Subtle 
Microstructural Variations in Ceramics 
with Precision Ultrasonic Velocity and At- 
tenuation Measurements .” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 336-4700. 

LEW-14747 









ULTRASONIC-VELOCITY 

IMAGE 


ULTRASONIC-ATTENUATION 

IMAGE 


X-RAY 


IMAGE 


1.15 




Increasing 

Density 


Increasing 


Pore Size 


1.14 


1.13 


1 cm 


1 cm 


1 cm 


1.12 






25 *im 


10 Hfn 


25 Mm 


Ultrasonic Imaging is more sensitive than x-ray imaging in the detection of subtle variations in the porosity of a specimen of ceramic. 


Nonaggregating Microspheres Containing Aldehyde Groups 


Aggregation is avoided by irradiating hydrophilic monomers in the presence of acrolein. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Cobalt gamma irradiation of hydrophilic 
monomers in the presence of acrolein 
yields exceptionally-stable, nonaggregat- 
ing microspheres. Previous microspheres 


containing aldehyde groups (such as poly- 
glutaraldehyde microspheres) tended to 
aggregate during reaction with amines and 
proteins. 


Mixtures of 2-hydroxyethyl methacry- 
late (HEM A) and acrolein form homogene- 
ous solutions in distilled water containing 
0.4 percent polyethylene oxide (PEO). After 
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Mole Percentage of Acrolein in HEM A 

Microsphere Diameter is an inverse func- 
tion of HEM A/acrolein ratio, but the varia- 
tion is slight in the range from about 60 to 
90 percent acrolein. Therefore micros- 
pheres can be prepared with similar size 
but different hydrophobicity. 

deaeration with nitrogen, the mixtures are 
irradiated at room temperature with gam- 
ma rays from a cobalt source; total expos- 
ure time is 4 hours, at a rate of 0.2 milli- 
roentgen per hour. The reaction product is 
centrifuged three times for purification and 
is kept in distilled water. 

The irradiation of pure acrolein in water 
containing PEO produces colloidal parti- 
cles approximately 1,000 A in diameter. Ad- 
ding HEMA increases the diameter of the 
microspheres; but, as the figure shows, 
variation is slight in the middle range of 
monomer ratios. Therefore microspheres 
can be prepared with similar size but differ- 
ent degrees of hydrophobicity. 

To produce cross-linked microspheres 
containing acid functions, N, N'-methy- 
lene-bis-acrylamide and methacrylic acid 
are added to the HEMA/acrolein polymeri- 
zation mixture. The size characteristics of 
the cross-linked microspheres closely ap- 
proximate those in the figure. Seven of 
these preparations were analyzed for the 
presence of aldehyde groups. The acrolein 
homopolymer was found to contain ap- 
proximately 65 percent of the expected al- 
dehyde groups. 

This work was done by Alan Rembaum 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Circle 
95 on the TSP Request Card. 

Title to this invention, covered by U.S. 
Patent No. 4,413,070, has been waived 
under the provisions of the National Aero- 
nautics and Space Act [42 U.S.C. 2457(f)]. 
Inquiries concerning licenses for its com- 
mercial development should be addressed 
to 

Edward Ansell 

Director of Patents and Licensing 

Mail Stop 301-6 

California Institute of Technology 

1207 East California Boulevard 

Pasadena, CA 91125 

Refer to NPO-15459, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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HARDTi 


A HARD ALUMINUM OXIDE 
COATING WITH A UNIQUE METHOD 
OF IMPREGNATION OF 
TI0L0N PTFE POLYMER. 


Improves hardness 
to a 

65 Rockwell. 




HARDTUF provides 
a dry lubricating 
surface composed of a 
PTFE polymer called Tiolon. 

Tiolon is impregnated 
into the surface asperities, 
thus reducing sur- 
face tension and greatly increas- 
ing lubricity and corrosion resistance. 

Wear, abrasion and erosion 
resistance is superior to other Mil-spec 
type hard anodizing processes. 
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MIL-SPEC RELIABLE. 
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more peak power to the component 
than any other flash testing method. 
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the economic high voltage test solution 
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dimension to your capacitor evaluation. 

Ask how to qualify your capacitors 
to MIL-Spec reliability. 

Call today: 1-800-547-1863 

In Oregon call 503-641-4141. 


Electro Scientific Industries 

13900 NW Science Park Dr. Portland. OR 97229 
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Calculating Dynamic Shear Moduli of Polymers 

A nonlinear mathematical model replaces oversimplified linear and Prony-series models. 


Marshall Space Flight Center, 

An improved nonlinear mathematical 
model has been developed to fit experi- 
mental data on the relaxation of stresses in 
viscoelastic materials. The model, which 
was developed specifically to study the 
shear moduli of rubbery solid rocket pro- 
pellants, can also be used to characterize 
polymers in general, other viscoelastic 
materials, and composites of viscoelastic 
materials. It can facilitate and improve the 
accuracy of analysis and numerical simu- 
lation of the mechanical behavior of struc- 
tural components (for example, tires) made 
of such materials. 

Rots of the shear modulus as a function 
of time have been fitted by such models as 
piecewise-linear approximations, power 
laws, and Prony series. These models do 
not represent the data accurately over the 
full range of times (see figure) and do not 
account adequately for the effects of tem- 
perature, strain, and rate of strain. The new 
model provides the flexibility to fit a wide 
range of experimental data by expressing 
the shear modulus as a sum of terms, each 
of which is a product of other terms. One 
form of the model , which is likely to be used 
widely, is 

® ^ static ^ dynamic 

where G = the shear modulus. 

In a typical case, the static term would 
be a constant, while the dynamic term 
would be given by 

G(UM) = M(t)M(T)M(e)M(i) 

dynamic 

where t = time, T = temperature, t = 
strain, and e = rate of strain. Each of the 


Alabama 



These Experimental Stress-Relaxation Data can be fitted fairly well with a straight line at 
times greater than 10~ 6 min. However, the data diverge from the line at shorter times, neces- 
sitating the use of a different mathematical model. 


multiplicative terms could have either of 
two forms: 


M(X) = C,/3 m (X) or 

M(X) = C^exptC^yX)] 
where <V m 

ly 

ric D /x 0 -x fl y 


Pm (> 0 =< 



f 


where X 0 may equal X or an original value 
of X; X R is a reference value of X; and C NI , 
C D/ , and P x are constants. For example, 
the temperature multiplier might be given 
by 


M(T) = C 1 exp{C 2 [-C 3 (7’-7 fl )/ 

(C 4 + T-T R )fr} 

The further development and verification 
of the new model depend on detailed and 
consistent tests of specimens of the ma- 
terial in question. 

This work was done by Carleton J. 
Moore of Marshall Space Right Center 

For further information, Circle 135 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 22/ Refer to 
MFS-28340. 


Multiple-Purpose Rigid Foam Insulation 

Properties can be adapted to a variety of demanding applications 


Marshall Space Flight Center, Alabama 


A plastic foam promises to serve as a 
multiple-purpose thermal insulation. On 
the Space Shuttle (for which it was devel- 
oped), the material can replace every insu- 
lating material on the external fuel tank, 
ranging from general surface insulation to 
ablative insulation on small areas subject 
to high aerodynamic heating. It can also be 
used on closeouts, ramps, and repairs. The 
material costs less than those currently 
used, but offers higher thermal resistance, 
greater strength, and lower weight. 

The material is a rigid, closed-cell, ther- 
mally stable foam of urethane-modified iso- 
cyanate. It is made by reacting a polyol 
mixture with a polymeric diphenyl methane 
diisocyanate in the presence of a catalyst 


and a fluorocarbon blowing agent. Its prop- 
erties can be customized for a particular 
application by adjusting the proportions of 
the ingredients in the polyol mixture. 

The polyol mixture consists of a reactive 
flameproofing agent (15 to 30 percent by 
weight of the polyol mixture), a nonreactive 
flameproofing agent (10 to 40 percent), a 
nonhydrolyzable silicone copolymer (10 to 
40 percent), and an amine-initiated poly- 
ether resin (3 to 16 percent). The catalyst 
consists of any two of the following com- 
pounds: a tertiary amine, an alkali metal 
salt organotin, or a quaternary ammonium 
salt. 

The density of the cured insulation 
ranges from 2.4 to 3.5 lb/ft 3 (38 to 56 


kg/m 3 ). Its flatwise tensile strength is 65 to 
85 lb/in. 2 (0.45 to 0.59 MPa) at room tem- 
perature. Its bond strength is 50 to 70 lb/in. 2 
(0.34 to 0.48 MPa). The material performed 
well in simulated ascent and reentry heat- 
ing environments. 

This work was done by Matthew T. Liu of 
Martin Marietta Corp. for Marshall Space 
Right Center. For further information, Cir- 
cle 122 on the TSP Request Card. 

Title to this invention has been waived 
under the provisions of the National Aero- 
nautics and Space Act [42 U.S.C 2457(f)], 
to the Martin Marietta Corp. Inquiries con- 
cerning licenses for its commercial de- 
velopment should be addressed to 
Patrick M. Hogan 

Assistant General Counsel Patents 
Martin Marietta Denver Aerospace 
P.O. Box 179 
Denver, CO 80201 

Refer to MFS-28264, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Books and Reports 

These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP’s) when a Re- 
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Polymer Lubricants for 
Use in Vacuum 

Both solid and film polyimides 
offer low friction and wear. 

A report describes tests of the lubricat- 
ing properties of 10 polymer-based mate- 
rials — in particular, polyimides — in vac- 
uum. Lubricant researchers previously 
noticed that the friction and wear of some 
polyimide films had dropped dramatically 
when the materials were heated in air. 
They postulated that the improvement was 
due to the thermal desorption of water va- 
por. Because water vapor would desorb in 
vacuum even at low temperature, polyi- 
mides might be good candidates for vac- 
uum lubricants. 

Commercially available materials, in the 
forms of solid bodies and films on metals, 
were tested on a pin-on-disk apparatus in a 
vacuum. Similar tests were also done in an 
air atmosphere at 50 percent relative hu- 
midity. 

The following materials were evaluated: 

1 . A polyphenylene sulfide (PPS) disk rein- 
forced with 40 percent of graphite fi- 
bers; 

2. A poly(amide/imide) disk with polytetra- 
fluoroethylene (PTFE) and graphite- 
powder additives; 

3. A commercial polyimide with no addi- 
tives; 

4. A PMR-15 polyimide with 70 percent of 
PTFE powder added; 

5. A polyimide made from the diamine 
2,2-bis [4-(aminophenoxy)phenyl}hexa- 
fluoropane (4-BDAF) and pyromellitic 
acid dianhydride (PM DA) (for short this 
polyimide is called “100 PMDA”); 

6. A copdyimide made from 4-BDAF and 
a combination of 80 mole percent of 
PMDA with 20 mole percent of benzo- 
phenonetetracarboxilic acid dianhy- 
dride (BTDA) (for short denoted as 80 
PM DA/20 BTDA); 

7. An 80 PMDA/20 BTDA polyimide rein- 
forced with 50 percent of high-modulus 
graphite fibers; 

8. A film of 100 PMDA polyimide; 

9. A film of PI-4701 polyimide; and 

10. A film of PI-4701 polyimide with 50 
weight percent graphite fluoride, a solid 
lubricant. 

All the polymer materials except the 80 
PMDA/20 BTDA polyimide with 50 percent 
graphite fibers and the lOOPMDAsolidand 
film produced lower coefficients of friction 
in vacuum than in air. Only the polyimides 
without solid-lubricant additives showed 
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substantially-lower steady-state wear rates 
in vacuum than in air. 

The best low-wear, low-friction material 
was the 80 PMDA/20 BTDA solid-body 
polyimide. The friction and wear properties 
of most of the polyimides were so good in 
vacuum that solid-lubricant additives were 
not necessary. In fact, powdered solid-lu- 
bricant additives tended to produce weak 
points where cracks and spallation could 
start under sliding contact. 

Polymers containing graphite fibers did 
not wear well in vacuum. The fibers on the 
surface tended to crack and debond dur- 
ing sliding. 

Although the 100 PMDA polyimide pro- 


duced high friction in vacuum, its wear was 
low. It therefore may be suitable for traction 
drives in vacuums. 

This work was done by Robert L Fusaro 
of Lewis Research Center. Further infor- 
mation may be found in NASA TM-88966 
[N87-17906], "Tribological Properties of 
Polymer Films and Solid Bodies in a Vacu- 
um Environment. ” 

Copies may be purchased prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders maybe placed for an extra fee 
by calling (800) 336-4700. 

LEW-14661 


“NASA Tech Briefs is a superb idea stimulator 
... a more sophisticated 'Machine Design 9 . 
Frequently at lunch, in the car pool, or wherever, 
the conversation is interrupted with, 'did you see 
such-and-such in Tech Briefs ? 9 Then another 
brainstorming session follows . 99 

Russell R. Sandman. Senior Engineer 
Martin Marietta Energy Systems 
Piketon, OH 
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NASA Tech Briefs— The Perfect Environment For Your Advertising Message. 

Call (212) 490-3999 today for a complete marketing kit, or clip your business card to this 
ad and mail to: NASA Tech Briefs, 41 East 42nd St., Suite 921, New York, NY 10017. 



+704°C. 

OF AUTOMATED 
TEMPERATURE 
CONTROL 


Select a Blue M Ultra-Temp® Oven and you select the finest high 
temperature chamber on the market. New PRO-STAR Microprocessor- 
Based Programmer/Controller enables any temperature within the 
chambers’ broad + 15°C. above ambient to + 704°C. ( + 1300°F.) range 
to be established and obtained by just touching the control panel. In- 
strumentation offers 50 program segments. Segment sequence pro- 
grammable to recycle up to 255 times. Operating parameters visible 
through multiple L.E.D.’s are settable and readable to 0.1 in °C. or °F. 
10" electronic circular chart monitoring recorder provides back-up 
overtemperature protection to that built into PRO-STAR. 


Rugged, all-welded chambers complement instrumentation to assure 
peak performance. Available with work volumes of 4.1, 5.8, 11.0 and 24.0 
cubic feet, the units have stainless interiors, special 6" thick insulation, 
heavy-duty doors and hardware. Similar chambers with less 
sophisticated instrumentation and for operation with inert atmospheres 
also available from: Blue M, A Unit of General Signal; Blue Island, Illinois 
60406. (312) 385-9000. 
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8 MFLOPS 


32-bit Floating Point Array Processor 
for PC, XT, AT, & Compatibles 



• 473 functions callable from C, 
FOHTHAN, or Turbo Pascal 


• Software designed for up to 
8 PLBOOs. running in parallel 

IK Complex Floating Point FFT 12.74ms 

Complete with Software- 1 1995 

For more information & benchmarks, contact: 



771 Gage Drive. Sin Diego. CA 92106 
1619) 224-2158 • FAX (619) 224-3958 

In Australia: Comp. Trans. Sys 
(03) 537-2786 • FAX (03) 537-2786 
In Japan: Kyokuto Boeki Kaisha (KBK) 
(03)244-3790 • FAX (03) 246-1846 

In Europe: Assentoft Electronics 
(06)16 29 26 
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COSMIC: Transferring NASA Software 

COSMIC, NASA’s Computer Software Manage- 
ment and Information Center, distributes soft- 
ware developed with NASA funding to industry, 
other government agencies and academia. 

COSMIC’s inventory is updated regularly; new 
programs are reported in Tech Briefs. For addi- 
tional information on any of the programs describ- 
ed here, circle the appropriate TSP number. 

If you don’t find a program in this issue that 
meets your needs, call COSMIC directly for a free 


review of programs in your area of interest. You 
can also purchase the 1988 COSMIC Software 
Catalog, containing descriptions and ordering in- 
formation for available software. 

COSMIC is part of NASA’s Technology Utiliza- 
tion Network. 


COSMIC’ — John A. Gibson, Director, (404) 
542-3265 

The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 


Computer Programs 

These programs may be obtained at a 
very reasonable cost from COSMIC, a 
facility sponsored by NASA to make 
computer programs available to the 
public. For information on program 
price, size, and availability, circle the 
reference number on the TSP and 
COSMIC Request Card in this issue. 



Physical Sciences 


Transferring Lens 
Prescriptions Between 
Lens-Design Programs 

Most data are transferred 
automatically, and the user is 
notified of those that are not. 

The Optical Lens Prescription Data For- 
matter computer program enables the 
user to transfer complicated lens prescrip- 
tions quickly and easily from one major 
optical-design program to another and 
back again. Thus, one can take advantage 
of the inherent strength of either program. 
The programs are ACCOS V from Scientific 
Calculations, Inc., of Fishers, NY, and 
CODE V from Optical Research Associ- 
ates of Pasadena, CA. 

The translation program works quite 
well for most lens prescriptions. On all 
tested lenses, it correctly translates the 
radii, thicknesses, polynomial aspheric 
data, tilts, decenters, and aperture sizes of 
the lenses. Limitations occur for special 
types of surfaces and some data pickups 
because the design programs are not fully 
equivalent. In these cases, the translation 
program translates all the data it can and 
prints comments mentioning the rest. The 
user can then manually adjust the lens to 
model the system correctly. 

This program is available in two ma- 
chine versions: PRIME and DEC VAX. The 
PRIME version is written in FORTRAN and 


requires approximately 64K of 8-bit bytes. 
The VAX version is written in FORTRAN 
and requires 64K of 8-bit bytes but has 
been fully tested in only one direction — 
ACCOS V to CODE V. At some installations, 
differences in lens-data files may require 
modification of format statements. The 
program was released in 1987. 

This program was written by John E. 
Stacy of Caltech, Laura Wooley of the Uni- 
versity of Rochester, and Brian Carlin of 
Santa Barbara Research Center for 
NASA’s Jet Propulsion Laboratory. For 
further information on PRIME version, Cir- 
cle 158 on the TSP Request Card. 
NPO-17092 

For further information on VAX version, 
Circle 157 on the TSP Request Card. 
NPO-17093 

Isothermal-Gas-Transfer 

Program 

One or two tanks 
with or without venting 
or consumption 
can be simulated. 

The Isothermal Gas Transfer program 
(GASXFER) solves a variety of problems in 
which a gas or gas mixture is transferred 
between two containers. The model is gen- 
eral in nature, consisting of an upstream 
tank and a downstream tank. As many as 
three different feed gases may be com- 
bined in the upstream tank. Downstream 
flow may be defined either as constant, de- 
pendent on the size of the orifice, or varia- 
ble in such a way that constant pressure is 
maintained in the upstream tank. The pro- 
gram assumes isothermal flow and iso- 
thermal conditions within the tank. 

The program can simulate a single tank 
by setting the volume of the downstream 
tank either to zero (no vent flow) or to in- 
finite volume, which simulates venting into 
an environment of constant pressure or a 
vacuum. In addition to adjusting the vol- 
ume of the containers, the user may also 
adjust the feed. For example, the feed gas- 
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es can be used to simulate a purge of the 
upstream tank. In another combination, 
the feed gases may be used to simulate a 
life-support system in the cabin of a space- 
craft. The three feed gases in this case 
would then consist of oxygen, nitrogen, 
and either carbon dioxide or water vapor, 
where the negative value of oxygen feed 
simulates consumption by the crew. 

Special features of the program include 
its ease of entering data and ease of ob- 
taining output. The program displays, 
prints, or graphs a complete pressure his- 
tory of each gas as a function of time. 

GASXFER was written in the Lotus Sym- 
phony macrolanguage as implemented on 
the IBM PC-series computers. It requires a 
fixed disk and at least 384K of random-ac- 
cess memory and Lotus Symphony 1.0 or 
greater. The program was released in 
1988. 

This program was written by Don I. 
Levine of Rockwell International Corp. for 

Johnson Space Center. For further infor- 
mation, Circle 11 on the TSP Request Card. 
MSC-21400 


Gravitational, radiational, and 
atmospheric effects are 
taken into account. 

The Orbit Analysis and Simulation Soft- 
ware, OASIS, is a software system devel- 
oped for covariance and simulation analy- 
ses of problems involving Earth satellites, 
especially the Global Positioning System 
(GPS). It provides a flexible, versatile, and 
efficient software tool for the analysis of 
accuracy in Earth-satellite navigation and 
GPS-based geodetic studies. To make fu- 
ture modifications and enhancements easy, 
the system is modular, with five major mod- 
ules: PATH/VARY, REGRES, PMOD, FILTER/ 
SMOOTHER, and OUTPUT PROCESSOR. 


PATH/VARY generates trajectories of 
the satellites. Among the factors taken into 
consideration are the following: (1) the 
gravitational effects of the planets, Moon, 
and Sun; (2) the orientations and shapes of 
the space vehicles; (3) solar pressure; (4) 
solar radiation reflected from the surface 
of the Earth; (5) atmospheric drag; and (6) 
leaks of gas from the space vehicles. The 
REGRES module reads the user's input, 
then determines whether a measurement 
should be made based on geometry and 
time. PMOD modifies a previously-gener- 
ated REGRES file to facilitate various anal- 
yses. FILTER/SMOOTHER is especially 
suited to a multisatellite precise determina- 
tion of orbit and geodetic-type problems. It 




Mechanics 


Now you can buy full-size drafting plotters from an 
industry leader at prices as low as $3,295. 

Call for our complete guide to plotters, scanners, 
and graphics digitizers. 


Simulation of Satellite 
Trajectories and Navigation 


1-800-444-3425 

512-835-0900 
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Readings show the need for a West Coast sensors event . . . 



THE CONFERENCE AND EXPOSITION OF MACHINE PERCEPTION TECHNOLOGY 
DISNEYLAND HOTEL CONVENTION CENTER • ANAHEIM. CA • MAY 23-25. 1989 


Produced by Expocon Management Associates, Inc., and sponsored by Sensors magazine 

. . . now you can find solutions for all your sensing needs! 


As America's leading machine percep- 
tion technology forum, SENSORS 
EXPO has helped design, manufac- 
turing and systems engineers all over 
America find better sensing solutions. 

Now there's a new sensor show which 
focuses on West Coast industry . . . 
SENSORS EXPO WEST. 

SENSORS EXPO WEST will feature 
sensing devices for product develop- 
ment, manufacturing and processing 


operations in aerospace, defense, 
computers, electronics, food, offshore 
technologies, mining and more. 

And a full Conference program places 
added emphasis on West Coast inter- 
ests, including a keynote address on 
sensors in the space shuttle program. 

SENSORS EXPO WEST will help 
you make informed purchase decisions. 
To receive full details, complete and 
return the adjacent coupon. 


Send me attendance information. 

□ Send information on exhibit space. 

Name 

Title Co. 

Street 

City State Zip 

Phone ( ) 

Mail to: 

SENSORS EXPO WEST 
Expocon • Seven Cambridge Drive 
Trumbull, CT 06611 • 203/374-1411 
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Three Things 
You Shouldn't 
Have To Share At 



I n the workplace you would never 
think of sharing your mug or chair. So 
why are you running down the hall to 
find out if there is a terminal available 
for your mainframe graphics applica- 
tions? With TGRAF software and your 
desktop computer there's no reason 
to ever share a terminal; you can now 
have a powerful graphics terminal on 
your desk, inexpensively. 

TGRAF accurately duplicates a 
Tektronix graphics terminal without 
sacrificing terminal functionality. 
Now mainframe graphics power is 
available for your PC, PS/2, Macin- 
tosh II, or workstation in RS-232 or 
networked computer environments, 
for only a fraction of what a terminal 
would cost. 

TGRAF's comprehensive Tektronix 
terminal emulation and Grafpoint's 
superior customer support, puts the 
terminal sharing blues behind you 
forever. Call Grafpoint for the name 
of your local distributor and order a 
no-risk 30-day evaluation copy. 

Current TGRAF users call us for 
information on how to upgrade to our 
latest product - TGRAF-4200 

0 GRAFPOirrr 

1485 Saratoga Avenue 

San Jose, CA 95129 

1-800-426-2230 

In California 408-446-1919 

Grafpoint and TGRAF are trademarks of Grafpoint 
PC and PS/2 are trademarks of International Business Ma- 
chines Corporation Tektronix is a trademark of Tektronix, 
Inc. Macintosh is a trademark of Apple Computer. Inc. 


can be used for any situation where pa- 
rameters are simultaneously estimated 
from measurements and a priori informa- 
tion. Examples of nonspacecraft areas of 
potential application might be very-long- 
baseline interferometry geodesy and radi- 
o-source-catalog studies. OUTPUT PROC- 
ESSOR translates covariance analysis 
results generated by FILTER/SMOOTHER 
into easy-to-read quantities desired by the 
user, performs mapping of orbit covari- 
ances and simulated solutions, transforms 
results into different coordinate systems, 
and computes postfitted residuals. 

The OASIS program was developed in 
1 986. It is designed to be implemented on a 
DEC VAX 1 1 n 80 computer using VAX VMS 
3.7 or higher. It can also be implemented on 
a Micro VAX II, provided that sufficient disk 
space is available. 

This program was written by Sien- 
Chong Wu, William I. Bertiger, James S. 
Border, Stephen M. Lichten, Richard F. 
Sunseri, Bobby G. Williams, Peter J. Wolff, 
and Jiun-tsong Wu of Caltech for NASA's 
Jet Propulsion Laboratory For further in- 
formation, Circle 139 on the TSP Request 
Card NPO-17442 


Mathematics and 
formation sciences 


Monitoring the Execution 
of a VAX Image 

The time spent in each 
subroutine is displayed. 

The computer program PROCSCAN 
was developed to monitor the profile of an 
executable image during execution. The 
purpose is to identify the routines in which 
a program is spending most of its time. 
Thus, PROCSCAN can be a very useful first 
step in the optimization of a program. 

PROCSCAN samples the program 
counter of the executing image and com- 
pares its value to a table of entry-point ad- 
dresses to determine which subroutine is 
executing. The table of subroutines in the 
image is generated by the program 
SCANEXE (NPO-17298), which is included 
with this program, but is also available from 
COSMIC as a separate package. The out- 
put from PROCSCAN is a sorted histogram 
of subroutines versus time spent in each 
subroutine. 

Because of the number of data collect- 
ed, it is not possible to sample the program 
counter every time it changes, so the data 
represent a proportionate sampling of 
where the program is spending its time. 
During a few minutes of operation of a cen- 
tral processing unit, a fairly accurate pic- 
ture can be formed. If a program has been 
linked with the /NOTRACEBACK qualifier, 
or it calls routines contained within a shar- 


able library, then PROCSCAN will not func- 
tion. 

The program is written in C (77 percent), 
Assembler (13 percent), and FORTRAN 77 
(10 percent) for execution on a VAX 11/780 
computer operating under VMS 4.X with a 
central-memory requirement of 33,280 
bytes. The program was developed in 
1987. 

This program was written by Peter J. 
Scott of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further informatbn, 
Circle 59 on the TSP Request Card. 
NPO-17297 

Building Mathematical 
Models of Solid Objects 

Models are assemblies of 
primitive parts. 

The Solid Modeling Program (SMP) ver- 
sion 2.0 provides the capability to model 
complex solid objects mathematically 
through the aggregation of geometric primi- 
tives (parts). The system provides the de- 
signer with a basic set of primitive parts 
and the capability to define new primitives. 

Six primitives are included in the present 
version: boxes, cones, spheres, parabo- 
loids, tori, and trusses. The user defines a 
primitive part by specifying the dimension 
and construction attributes required by a 
given type of part. By variation of the con- 
struction attributes for certain primitives, 
numerous additional shapes can be repre- 
sented. For example, a cylinder is a special 
case of a frustum of a cone of which both 
radii are equal. 

In addition to the construction of solid 
models, SMP has extensive facilities for 
the editing, display, and analysis of mathe- 
matical models. The geometric model pro- 
duced by the software system can be put 
out in a format compatible with such exist- 
ing analysis programs as PATRAN-G. SMP 
provides a facility for approximating the 
mass properties of the resulting solid 
model. Because of the association of SMP 
with the design of spacecraft, the calcula- 
tions of mass properties are expanded to 
include approximations of projected areas. 

SMP runs interactively on a VAX com- 
puter under VMS and is written in VAX/VMS 
FORTRAN 77. Several commercial librar- 
ies are required: LASSLIB & RIMLIB from 
Boeing’s RIM library and the PLOT/10 Tek- 
tronix TCS library. A minimum available 
disk quota of about 15,000 blocks is re- 
quired. The program was developed in 
1986. 

This program was written by Donald P 
Randall, Kennie H. Jones, William H. von 
Ofenheim, Raymond L Gates, and Christine 
G. Matthews of Computer Sciences Corp. 

for Langley Research Center For further 
informatbn, Circle 161 on the TSP Request 
Card. 

LAR-13803 
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Two Leak Detectors for 
the Price of One! 


Theirs 

+ 

Theirs 


= Ours 



Until now, if you needed both 
fast general purpose and hydro- 
carbon-free leak detection, you 
had to buy two leak detec- 
tors: a reverse flow unit for 
fast cycle testing with high 
sensitivity at rough vacuum 
pressures, and a "conven- 
tional" unit for testing clean 
systems or parts. 




The new HLT150 from 
Balzers is the first and only 
portable helium leak detec- 
tor that does both. A new 
Turbo Reverse Flow™ dual 
inlet design (patent pending) 
gives you the versatility you 
want in a single compact, 
easy to use unit. Balzers has 
redefined the state of the art 
in leak detection to give you 
two leak detectors in one. 


We're eager to tell you 
more about the H LT 1 50, and 
how it can make leak detec- 
tion faster, cleaner, and more 
cost effective. 

Call or write 
today for 
your free 
brochure! 


SEE US AT PITTSBURGH ANALYTICAL 
CONFERENCE, ATLANTA, BOOTH #3111 
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Balzers 

8 Sagamore Park Road 
Hudson. NH 03051 
Tel (603) 889 6888 
Telex 294 041 
Fax (603)889 8573 
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Tire Footprint Affects Hydroplaning on Wet Pavement 


Higher aspect ratio of the tire footprint requires slower speed for safer driving on wet roads. 


Langley Research Center, Hampton, Virginia 


Recent investigations of tire hydroplan- 
ing at highway speeds reveal that, in addi- 
tion to the inflation pressure, the tire-foot- 
print aspect ratio (FAR), defined as the 
width divided by the length of the tire sur- 


face in contact with the pavement, signifi- 
cantly influences the speed at which dy- 
namic hydroplaning begins. Various tire 
tests were conducted on flooded surfaces 
through a range of speeds, inflation pres- 


sures, and vertical loads using tires mount- 
ed on the instrumented tire-testing vehicle 
shown in the figure. Tests were conducted 
at constant speeds on ASTM E-501 grooved 
and E-524 smooth automotive tires. A com- 



INSTRUMENTED TIRE-TESTING VEHICLE 


10.00-20 Tire Size; Inflation Pressure, 552 kPa (80 lb/in.2) 


mi/h km/h 


Footprint Aspect Ratio 


Width 

Length 


Vertical Load = 19.2 kN (4,325 lb) 
Aspect Ratio = 0.84 



7 . vc-.y.- •> • 

. ■ 


Vertical Load = 5.2 kN (1,175 lb) 
Aspect Ratio = 1.2 

Length 

Width ► 



TRUCK-TIRE FOOTPRINTS 

HIGHWAY-VEHICLE TIRE-HYDROPLANING-SPEED STUDY 


VARIATION OF TIRE-HYDROPLANING SPEED WITH 
FOOTPRINT ASPECT RATIO 


Automotive-Tire- Footprint Aspect Ratio is a significant factor in the hydroplaning of the tire, as indicated by the results of tests on a highway 
vehicle. 
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bination of different tire-inflation pressures 
and vertical loads produced a large range 
of FAR’s for evaluation under free and 
yawed rolling-test conditions. Tire speeds 
and forces developed during the tests of up 
to 65 mi/h (105 km/h) were monitored on 
the flooded test surface to identify the de- 
velopment of hydroplaning. 

The study was focused on automotive 
tires because the FAR’s of automotive tires 
vary more than those of aircraft tires. Al- 
though footprint widths of automotive tires 
remain nearly constant, their lengths, and 
therefore the FAR’s, vary significantly un- 
der different loading conditions — the 


greater the load, the smaller the FAR. Foot- 
prints of aircraft tires vary with the loading 
in both dimensions, resulting in a relatively 
small range of FAR’s. 

An empirical equation has been formu- 
lated to predict highway speeds at which 
hydroplaning begins for different FAR’s. 
The equation reveals that hydroplaning 
begins at lower speeds with increasing 
FAR’s, whereas previous studies indicated 
that hydroplaning was solely a function of 
tire-inflation pressure. During wet weather, 
therefore, drivers of lightly loaded vehicles 
are riding on increased FAR's and should 
be particularly alert to prevent hydro- 


planing at lower speeds. 

Additional tests are planned to refine 
and substantiate further the dependence 
of the hydroplaning of tires upon the FAR’s. 
These tests will evaluate an expanded 
range of the FAR’s and enable the assess- 
ment of such other parameters as the net 
bearing pressure and the construction of 
the tire on the tire-hydroplaning-initiation 
speed. 

This work was done by Thomas J. Yager 

of Langley Research Center For further 
information, Orcle 69 on the TSP Request 
Card 

LAR-13683 


Miniature Flow-Direction/Pitot-Static Pressure Probes 


Probes measure the directions and pressures of hypersonic flows at temperatures up to 500°F. 


Langley Research Center, Hampton, Virginia 


Precision flow-directbn/pitot-static pres- 
sure probes, ranging from 0.035 to 0.090 
inch (0.89 to 2.29 mm) in outside diameter, 
have been successfully fabricated and 
calibrated for use in the Langley 20-inch 
Mach 6 Tunnel. The probes will simultane- 
ously measure the flow direction and the 


static and pitot pressures in flow fields 
about configurations in hypersonic flow at 
temperatures up to 500 °F (260 °C). 

The probe design incorporates a combi- 
nation of a “pyramid” flow-direction probe, 
which has four raked-back tubes 90 ° apart 
around a flat-face tube and a pitot-static 


pressure probe. The latter consists of a 
central tube inside an encasing tube that 
has 4 equally spaced static-pressure ori- 
fices with outside diameters of 0.01 inch 
(0.25 mm), 10 or more tube diameters 
downstream of the nose. An equal dis- 
tance was allowed behind the orifices, be- 
tween them and the wedge-shaped 
“gooseneck,” to avoid feedback from the 



introducing 


These tables feature all of the most sought- 
after elements you have come to expect in a superior 
optical table at a price below that of our nearest competitor., 
with no compromise in quality. 


Check these outstanding features: 

• Proprietary high density steel 
core 

• 3 Ae" Vs" ferro-magnetic 
stainless steel tops 

• Sizes to 5' x 12' x 24" thick 

• Overall flatness of ± .0025" 


High level of dynamic and static 
rigidity 

Excellent damping 
Plain or threaded tops 

Full range of patented vibration-free 
support stands 


KINETIC 

SYSTEMS? 


I The Quality Leader In Vibration Isolation 

KINETIC SYSTEMS, INC. 


From the leader in high-efficiency vibration 
isolation systems for the past twenty years 
comes another breakthrough...our new series 
of Vibraplane Optical fables featuring Kinetic 
Systems’ own time-proven proprietary 
vibration-isolation system. 


20 Arboretum Road, Box K, Boston, MA 02131 
Call us today at 617-522-8700 for complete details and our special introductory price. (617) 522-8700 FAX (617) 522-6323 TLX: 990897 
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The Outer Tube Serves as the Housing for the static ports and as a casing for five inner tubes 
that are used to measure the direction and pitot pressure of the flow. 


wedge pressure field. The probe was 
made as small as possible to minimize in- 
trusive interference. The center tube was 
beveled internally at 60° to reduce its sen- 
sitivity to the angularity of the flow. 

The probe with the 0.035-inch (0.89+nm) 
outside diameter had the minimum size 
that could accommodate a bundle of five 
pieces of the smallest available tubing 
[0.008-inch (0.20-mm) outside diameter] 
together with the four alignment spacers. 
The other sizes (see figure) were con- 
structed because the “pressure-settling” 
time varied inversely with the probe size 
and could be prohibitively long at the 
smallest probe sizes. The progressively in- 
creasing probe sizes ensure that the best 
compromise between the probe size and 
“pressure-settling” time, relative to the op- 
erating time limits of the tunnel, can be 
made. 

For calibration, the probes were mount- 
ed in a calibration fixture and pitched 
through ±20° and sideslipped through 
±8° Because of instrumentation and 
mounting problems, complete calibrations 
were obtained only for those probes having 
outside diameters of 0.090 inch (2.29 mm) 
and 0.083 inch (2.10 mm). A partial calibra- 
tion of the 0.042-inch-(1.07-mm-) outside- 
diameter probe was obtained. A least- 
squares fit to the calibration data is within 
±1 ° and, in most cases, within ±0.5°. 


The calibrations of the two larger probes 
were nearly coincident, and calibration of 
the smaller probe had the same slope as 
that of the larger probes. This leads to the 
conclusion that all of the probes, regard- 
less of size, would have the same calibra- 
tion slope, and that a single equation 
(wherein the pressure-difference parame- 
ters for each probe at 0° pitch and sideslip 


would be input constants) could be used to 
determine the flow angles from the flow 
measurements of any of the probes. 

This work was done by George C. Ashby, 
Jr., David S. Coombs, John W. Eves, 
Howard £ Price and Peter Vasquez of 
Langley Research Center For further in- 
formation, Circle 25 on the TSP Request 
Card. LAR-13643 


Flight Balance for Skin-Friction Measurements 

The force of a tangential airstream is determined by a null-position servomechanism. 


Langley Research Center, Hampton, Virginia 


A skin-friction balance (flight balance) 
for use in flight on an aircraft fuselage in- 
corporates a type-one, closed-loop control 
to make direct skin-friction force measure- 
ments. A curved surface element 2 in. 
(5.08 cm) in diameter is used to sense the 
tangential force of an airstream passed 
over it. A linear electromagnetic force 
motor exerts a restoring force that nulls the 
position of the sensing element. The ap- 
plied skin-friction force is measured by 
sensing the amount of current through the 
motor necessary to maintain the null posi- 
tion. The full-scale range of the balance is 
adjustable from 0.1 to 1.0 g weight/cm 2 (9.8 
to 98 Pa), and the overall size is approx- 
imately 8 by 5 by 5 in. (20.3 by 12.7 by 
12.7 cm). 

The flight balance, an electromechani- 
cal servomechanism, is a modified version 
of a design previously developed at NASA 
Langley Research Center. The unit is rug- 
ged, accurate, reliable, and easy to oper- 
ate. These features are achieved through 
the use of an oscillating double four-bar 
mechanism, which enables accurate skin- 
friction measurements in the presence of 
an offcenter normal force and rectilinear 
vibrations in the background. The insensi- 


Airstream-Force- 
Sensing Element 


Flow 
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Platform 


Movable 
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Motor f 
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The Electromechanical Servomechanism restores the airstream-force-sensing element to 
the null position. 


tivity of the balance to background recti- 
linear vibrations and its ability to sustain 
large transient loads during takeoffs and 


landings make it most attractive for flight 
testing. 

Two identical units were fabricated and 
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used on a jet aircraft to make skin-friction 
measurements in flight. The results indi- 
cated that both balances functioned sat- 
isfactorily and that data taken from the 
balances in tests with similar profiles con- 
ducted on different days were duplicated 


within 5 percent. 

This work was done by Ping Tcheng and 
Frank H. Supplee, Jr., of Langley Re- 
search Center. For further information. 
Circle 24 on the TSP Request Card. 

This invention is owned by NASA, and a 


patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 22], Refer to LAR-13710. 


Inspection in Overhead Spaces Containing Asbestos 

A simple method saves time and effort. 


Lyndon B. Johnson Space Center, Houston, Texas 


A procedure for inspection in spaces 
above dropped ceilings that contain asbes- 
tos saves time and effort without sacrific- 
ing safety. The conventional inspection 
method requires elaborate and time-con- 
suming preparation and cleanup: People 
have to leave the immediate area, and the 
floor and furniture have to be covered with 
sheets of plastic. Wearing a respirator, the 
inspector examines the space above the 
ceiling. Finally, the room is vacuum-cleaned, 
the plastic sheets are discarded, and the 
inspector’s tools, equipment, and respira- 
tor are cleaned. 

With the new method, the only items of 
safety equipment needed are a glove bag, 
a storage bag, and a roll of adhesive tape. 
The inspector first tapes the glove bag 
tightly to the support grid around the ceiling 
tile to be removed. With hands in the 
gloves, the inspector lifts the tile gently and 
places it aside (see figure). Extending head 
and shoulders into the bag, the inspector 
examines the space above the ceiling with 
the help of a flashlight. (A lightweight, col- 
lapsible frame could be used to hold up and 
spread out the bag so that the inspector 
could maneuver more easily in the con- 
fined space.) 

After the examination, the inspector re- 
places the tile, lowers the glove bag, ties it 
up close to the ceiling, and tapes the 
storage bag (labeled “For Asbestos”) to 
the ceiling around the glove bag. Finally, 
the inspector pulls the glove bag loose, 
drops it into the storage bag, ties the stor- 
age bag closed, and discards the storage 
bag appropriately. 

This work was done by Jacque Bell , 
George Hartwick, and Jerry Hutcherson of 
Pan Am World Services, Inc., for Johnson 
Space Center. No further documentation 
is available. 

MSC-21362 

A Transparent Glove Bag gives an inspec- 
tor a clear view of the space above a drop- 
ped ceiling and prevents asbestos from 
contaminating the area below. 


Great Gift Ideas 

await you in the new brochure of 
books, posters, and videotapes from 
NASA Tech Briefs. Circle Reader Ac- 
tion No. 700 for your free copy, or call 
(800) 258-0201 for speedy delivery. 




TAPE STORAGE BAG 
TO CEILING 
AROUND GLOVE BAG 
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Ultrasonic Detection of Transply Cracks in Composites 


The densities and propagation of cracks are measured nondestructively. 


Lewis Research Center, Cleveland, Ohio 


A nondestructive testing technique 
measures the densities of transply cracks 
and can be used to monitor the propaga- 
tion of such damage in advanced polymer- 
matrix composite materials. The develop- 
ment of this technique was motivated by 
the requirement, particularly in aerospace 
applications, for dimensional stability and 
the absence of cracks. Cracks reduce me- 
chanical strength and expose fibers and in- 


terfaces to environmental (moisture and 
thermo-oxidative) effects. 

Graphite/polyimide composites are now 
replacing metals in zones of moderately 
high temperatures (up to 316 °C) in jet en- 
gines. These types of applications will intro- 
duce thermal cycling in the composite 
structural materials. This, in turn, can pro- 
duce transply cracks, the numbers of 
which can increase with time to significant 


levels. Because these transply cracks are 
undesirable, nondestructive testing tech- 
niques are needed to monitor structural 
parts to confirm the integrities of the struc- 
tures during the expected operational life- 
times. 

For a demonstration of the new tech- 
nique, transply cracks were introduced in- 
to tensile specimens of cross-plied (0°/90 °) 
unidirectional tape and fabric prepreg ma- 
terial. In both cases, the reinforcements 
were graphite fibers. The cracks were in- 
troduced by loading the specimens at vari- 
ous loads below the experimentally-deter- 
mined failure load. 

An acousto-ultrasonic measuring appa- 
ratus, shown in Figure 1, was used to 
measure stress-wave factors (SWF’s) of 
undamaged specimens and specimens that 
contained various numbers of transply 
cracks. Time was partitioned into 5-ms in- 
tervals and frequency into 1.285-MHz 
bands. SWF measurements were taken at 
seven different crack densities. Figure 2 
shows the results of linear least-squares 
fits to the data from both types of speci- 
mens. The acousto-ultrasonic technique is 
of value because it can be used to examine 
damage to the material from one surface 
only. Access to both sides of a structure is 
not necessary and is normally not easily 
obtained. 

It was found that the SWF decreased 
with increasing density of cracks. The 



operates under the control of a computer, 
which interprets the ultrasonic measure- 
ments in terms of the density of transply 
cracks in a specimen. 


New in light measurement. 


& ' X 



Announcing the high-performance, 
low-cost picosecond light pulser. 

The new ultra-fast PLP-01 light pulser from Hamamatsu is an inexpensive, 
high-performance light source that can even be used as an alternative 
to a costly laser in many applications. 

The unique PLP-01 combines three outstanding features: 

■ Extremely short pulses (less than 50 ps); 

■ High peak power; 

■ Variable repetition rate (up to 10 MHz). 

It is available for a variety of wavelengths ranging from 410 nm 
to 1550 nm. And, since the PLP-01 includes a built-in trigger delay, 
there’s no need to provide an external delay signal. 

So give your laser a rest-and your pocketbook too. Select the 
powerful economical picosecond light pulser from Hamamatsu. 

For complete information, a demonstration, or a quotation, contact 
Hamamatsu Photonic Systems. 

M aSf f I / YOUR EXPERTS IN 

mMmm M # / LIGHT PULSE MEASUREMENT 

HAMAMATSU 

PHOTONIC SYSTEMS 

360 Foothill Road, P.O. Box 6910. Bridgewater, NJ 08807, Phone (201) 231-1116. 
Japan: 0534/35-1562 West Germany: 08152/375-55 UK: 01-367-3560 

France: (1)46 55 47 58 Sweden: 0760/32190 hsu -2 
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woven fabric is less attenuating than is the 
cross-plied, unidirectional, reinforced ma- 
terial, and, at high crack densities, the at- 
tenuation is about the same in the two ma- 
terials. From the data that were examined, 
it was concluded that not only can the 
acousto-ultrasonic technique be employed 
to assess changes in the densities of 
transply cracks during the lifetimes of com- 
posite structures but also that the SWF has 
potential utility as a measure of the number 
of transply cracks in a damaged structure. 

This work was done by Kenneth J. 
Bowles, Harold Kautz, John H. Hemann, 
and Paul Cavano of Lewis Research Cen- 


ter. Further information may be found in 
NASA TM-100224 [N88-11758], 44 Transply 
Crack Density Detection by Acousto-Ultra- 
sonics." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders maybe placed for an extra fee 
by calling (800) 336-4700. 

LEW-14700 

Figure 2. This Linear Least-Squares Fit to 

data from measurements at various crack 
densities shows that the stress-wave factor 
is related to the density of cracks. 
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Variable-Volume Container 


The container expands and contracts according to changes in volume of its solid contents. 


Lyndon B. Johnson Space Center, Houston, Texas 


A container holds a bed of beads se- 
curely while accommodating sizable 
changes in volume and allowing gases to 
flow through the bed. The container was 
developed for an air-purifying system in 
which carbon dioxide is removed by solid 
amine beads. 

The beads absorb C0 2 as the air flows 
over them. When they become saturated 
with CO^ steam is passed over the beads 
to regenerate them. However, the beads 
swell as their moisture content increases. 
The volume of a bed increases by about 17 
percent during regeneration and decrea- 
ses by the same amount afterward. Simply 
using a container large enough to hold the 
expanded beads may not be acceptable. 
Under some conditions, dry beads would 
then be packed too loosely, and the air 
would not flow uniformly over them. 

Accordingly, the container was designed 
to expand and contract with the beads. A 
metal bellows serves as the sidewall of the 
container, and metal-felt plates are placed 
at the ends (see figure). The bellows elon- 
gates as its contents expand. When the 
contents contract, springs return the bel- 
lows to its original length. 

This work was done by A. K. Colling, T. A. 
Nallette, and F. Sansevero of United Tech- 
nologies Corp. for Johnson Space Cen- 
ter. No further documentation is available. 
MSC-21355 


Outlet for Air 



Expanding Beads create pressure in the container so that its bellows elongates, thereby in- 
creasing the volume. Springs return the bellows to its original length when the beads shrink. 


Lightweight Restraint for Coupling Flanges 

A cable-and-pulley mechanism allows limited motion. 

Lyndon B. Johnson Space Center, Houston, Texas 

The end flanges of a flexible coupling sive, lightweight mechanism based on spacecraft-coupling rings, the restraining 

system are restrained against excessive cables and pulleys. Intended to replace a mechanism can be adapted to cable, duct, 

rotation or axial separation by an inexpen- cumbersome set of gimbals on a pair of hose, or passageway couplings between 
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The Total Misalignment of Two End Flanges is limited to the amount of slack available in the 
cable-and-pulley mechanism. When the cable is taut, the further axial separation of the 
flange centers is restrained, but small tilts are accommodated by the running of the cable 
through the pulleys. 


vehicles, or to other applications in which 
angular and positional misalignments must 
be restricted to moderate specified values. 

A continuous cable is threaded alter- 
nately through pulleys dispersed about the 
circumference of the two flanges (see 
figure). In a redundant scheme, two or 
more independent pulley-and-cable sets 
would be used so that at least one could 
continue to provide restraint if the others 
break. Instead of having a continuous 
cable (or cables), the cable ends can be an- 
chored near each other on one of the 
flanges. 

When the flanges are pulled axially 
away from each other, the cable stretches 
taut, preventing further separation. If one 
flange then tilts with respect to the other, 
the cable runs through the pulleys to allow 
increased axial separation on one side and 
decreased axial separation on the other 
side, while the axial distance between the 
centers of both flanges remains the same. 

The mechanism restricts torsional rota- 
tions: when the cable is taut, further turning 
pulls the flanges together along the axis, 
eventually bringing them hard against 
each other. In a similar manner, the 
mechanism can also restrict lateral mis- 
alignment. However, to prevent damage to 
the cables by the edges of the pulleys, it is 
probably better to restrict lateral misalign- 
ment by means of hard stops. 


This work was done by Willie D. 
Whitaker of McDonnell Douglas Corp. for 
Johnson Space Center. For further infor- 
mation, Orcle 79 on the TSP Request Card. 

This invention is owned by NASA , and a 
patent application has been filed. Inquiries 


concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
22]. Refer to MSC-21211. 



HIGH JpCURACY AND LIGHT WEIGHT 

...crucial! 


WTELEDYNE TABER 

455 BRYANT STREET, NORTH TONAWANDA, NY 14120 
(713) 694-4000 Telecopier: (716) 694-1450 
Call toll free 1-800-333-5300 


Testing systems in flight is crucial and requires 
equipment that is highly accurate, lightweight and 
compact in size. Teledyne Taber meets these 
requirements with a line of flight test transducers, the 
result of 35 years’ experience in the development 
and production of quality pressure transducers. 


The Taber line of flight test transducers includes 
units from 0-15 to 0-50,000 PSI. 

Flight test transducer models feature: 

• Lightweight units, as small as 2.7 oz. 

• Miniature units, 7 /s" in diameter 

• Leak test integrity better than 2 x 10** cc. std. helium per 
second 

• Austenitic stainless steel pressure cavity 

• Positive mechanical stops for high overload pressures 

• Excellent thermal stability 


Write or call today for more information on 
the full line of Taber transducers. 


9 


76 


Circle Reader Action No. 479 


NASA Tech Briefs, March 1989 


Measuring Bearing 
Wear Via 
Weight Loss 

Dimensional changes 
are estimated from 
areas, weight losses, 
and densities. 

Marshall Space Flight Center, 
Alabama 


Wear in the critical parts of bearings can 
be measured via the amounts of weight 
lost during use. First used on the balls, 
races, and cage of a bearing in a turbo- 
pump of the Space Shuttle main engine, 
the weight-loss measurement technique is 
clearly applicable in general to bearings 
made of nonporous materials. 

Previously, weight-loss measurements had 
not been attempted because of the belief 
that sufficient accuracy and repeatability 
could not be achieved. However, prelimi- 
nary experience has shown that in com- 
parison with measurements of dimen- 
sions, the weight-loss measurements are 
easier, faster, more precise, and less likely 
to damage the measured parts. The weight- 
loss measurements can be performed in 
clean rooms and under the constraint of 
extreme cleanliness for compatibility with 
liquid oxygen. 

The technique requires an analytical 
balance that has a resolution of 10" 4 g. 
Before use, the inner race(s), outer race, 
and cage are weighed individually, and the 
balls are weighed as a set. If the bearing is 
to be lubricated with a dry film, these com- 
ponents are weighed both before and after 
coating. 

After use, the components are weighed 
again. If the bearing is lubricated with a dry 
film, the components are weighed both be- 
fore and after the film is stripped off. 

The approximate thickness of material 
worn off a component can be estimated as 
the loss of mass divided by the product of 
the density of the material and the area of 
the component. The accuracy and repeat- 
ability of the technique are sufficient to 
resolve a loss of about 1 mg of material: On 
a bearing ball of typical size, this would 
signify a decrease of less than 10" 6 in. 
(~2.5 x 10" 8 m) in diameter. 

This work was done by John E. Keba 
and Richard S. Moore of Rockwell Interna- 
tional Corp. for Marshall Space Flight 
Center. No further documentation is avail- 
able. 

MFS-29438 


Smart muscle machine. 





Unpack. Connect. Run. This servo system 
hcis already been engineered for you. 

SLO-SYN® Direct Drive Servo Positioning Systems bring a 
unique high torque, low speed capability to motion control 
system design. 

You provide the load shaft. In as little as 30 minutes, 
these rugged systems are ready to directly power any equipment 
requiring speeds to 320 rpm and continuous torque from 8.5 to 
120 Ib-ft with an accuracy of ± 1 arc min. All without gears or 
other speed reduction elements that introduce undesirable 
backleish, cogging and mechanical wear problems. Your bene- 
fits are accuracy, instant motor response and low maintenance 
or adjustments. 

These completely closed- loop systems respond to the 
user-friendly CMC programming language (RS274) commonly 
used in factory automation. They can be programmed to operate 
in position, torque or speed control modes. The brushless, 
variable reluctance dc servo motors achieve a high torque-to- 
weight ratio making them ideally suited for such applications as 
machining, packaging and textile equipment; in robots, transfer 
stations and pedestals; for process controls, actuators and in- 
dexers. The possible applications are so universal that we 
suggest requirements be submitted for evaluation. Chances are 
that a Direct Drive Servo Positioning System can be used more 
efficiently and cost-effectively than any alternative method. 


Call or write for your FREE LITERATURE FACT FILE 



We have assembled an informative file of 
relevant SLO-SYN® Direct Drive Servo 
Positioning Systems literature that will 
answer all your questions. The file is 
free on request or by circling the appropri- 
ate reader service number. 



Superior Electric 

Bristol, CT 06010 / (203)582-9561 
TLX: 96-2446 / FAX: (203)584-1483 
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Multihundred-Kilowatt Rotary Electrical-Transfer Device 

Roll rings decrease friction and electrical losses. 


Lewis Research Center, Cleveland, Ohio 


A roll-ring electrical-power-transfer de- 
vice is capable of transferring high power 
(hundreds of kilowatts) through a rotating 
connection. This roll-ring assembly can 
transfer up to 500 V at 200 A per circuit, 
either dc or ac to frequencies of 20 kHz. 
The roll-ring assembly (see figure) has 
eight power circuits. An outstanding fea- 
ture of this design is very low power loss — 
only 16 W per circuit while transferring 100 
kW. 

At present, slip rings are the most com- 
monly used devices for transmitting power 
across a rotating joint. Slip rings can 
transfer only limited amounts of power. The 
roll-ring device eliminates sliding friction by 
using rolling contacts. This allows the unit 
to rotate with very little torque. The elimina- 
tion of sliding friction makes possible the 
transfer of very large amounts of power 
per circuit with very low losses. 

The roll ring has the potential to be one 
of the major components of the Space Sta- 
tion or any other space program where 
large amounts of power are required. It is 
the only known device that can transfer 
large currents (200 A) per circuit at high 
voltages (500 V, dc or ac) with very low 
losses. The roll-ring assembly will allow the 
Space Station to grow to larger power 
levels. Also, any terrestrial application re- 
quiring power to transfer through a rotating 
joint with low losses could use the roll-ring 
technology. It can be used in air or vacuum 
with no design changes. 

This work was done by Peter Jacobson 
of Sperry Flight Systems for Lewis Re- 
search Center. For further information, 



The Roll-Ring Assembly uses rolling contacts to transfer electrical power between the rotor 
and the stator. This eight-circuit assembly dissipates only 16 W while transferring 100 kW. 


Circle 111 on the TSP Request Card. 
LEW-14269 


Miniature Centrifugal Compressor 


A small machine compresses neon for cooling to temperatures as low as 30 K. 


Goddard Space Flight Center, Greenbelt, Maryland 


A miniature turbocompressor undergo- 
ing development is designed for reliability 
and long life. A cryogenic system that in- 
cludes the compressor, a turboexpander, 


and heat exchanger will provide 5 W of re- 
frigeration at 70 K from 150 W input power. 
The design speed of the machine is 
510,000 rpm. 


The compressor (see figure) has gas-lu- 
bricated journal bearings and a magnetic 
thrust bearing. When the compressor is 
running, there is no bearing contact and 
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Neon Working Fluid Flows Symmetrically on both sides of the impeller. At the opposite end 
of the turbine shaft, a capacitance sensor measures rotational speed by detecting the pas- 
sage of a flat surface on the shaft. The shaft has a mass of only a few grams. It exhibits little 
vibration because the gas bearings damp oscillations. 


thus no wear. Wear can occur only when 
the machine is starting or stopping — be- 
fore the bearings lift off and after they set 
down, and this wear can be relatively insig- 
nificant. 

The solid rotor contains narrow axial 
grooves that direct the magnetic flux to- 
ward the axis. The flux is therefore sur- 
rounded by a relatively-large cross-sec- 
tional area of steel to carry the circulating 
electric current. This reduces the effective 
electrical resistance and increases the effi- 
ciency of the motor. 

The motor stator does not contain sa- 
lient pole teeth on its inside diameter be- 
cause such teeth would generate eddy 
currents on the surface of the solid rotor. 
Instead, it contains internal bores for the 
windings. The windings are stranded cop- 
per wire insulated with polytetrafluoroeth- 
ylene. The wire is threaded through circu- 
lar holes in the bores of the stator; the heat 
generated in the wires is carried away by 
conduction through the stator. 

The stator consists of layers of a low- 
loss magnetic nickel/iron alloy, with a layer 
of copper at every seventh layer. The cop- 
per, which has a thermal conductivity more 
than 30 times as great as that of the mag- 
netic alloy, aids in the removal of heat from 
the windings. Cooling water circulates 
through a jacket around the stator to re- 
move heat from the motor housing. 

The impeller in the compressor is dou- 
ble-sided and symmetrical: This shape re- 
sults in a far smaller axial thrust than would 
be generated by a single-sided impeller. 
The small remaining axial thrust can be 
handled by a magnetic thrust bearing in- 
stead of by the gas thrust bearing that 
would otherwise be needed. The magnetic 


bearing is expected to absorb less power 
than a comparable gas bearing, and thus 
to improve the efficiency of the compres- 
sor. 


This work was done by Herbert Sixsmith 
of Creare Inc. for Goddard Space Right 
Center. For further information, Orcie 50 
on the TSP Request Card. GSC-13093 


Correlation Analysis of Vibration Data From Rotary Pumps 

Fourier coefficients describing vibrations are 
constructed from files of FFT pump-response data. 


Marshall Space Flight Center, Alabama 


A proposed correlation technique repre- 
sents vibration data from rotary pumps in a 
compact form convenient for storage in a 
data base. The analysis determines the co- 
efficients of a Fourier series representing 
the typical response of a pump for one rev- 
olution of the pump shaft. Changes in the 
harmonic spectrum of the pump may indi- 
cate changes in performance caused by 
internal wear, rubbing of seals, and the like. 

Such an analysis could be performed by 
averaging data in a time series for a num- 
ber of shaft rotations to eliminate random 
contributions, then representing the aver- 
aged data by a Fourier series. However, 
that approach would require significant de- 
velopment and would be an expensive ad- 
dition to the standard evaluation of data. 

NASA Tech Briefs, March 1989 


The proposed correlation method is prefer- 
able if the dynamic data have already been 
stored as frames of fast-Fourier-transform 
(FFT) data, rather than as time series, and 
if one of the data tracks contains a timing 
signal or other similar signal with a clear 
once-per-revolution character that can be 
used both to determine the rotation period 
and as a phase reference for the rotation of 
the pump. 

In the proposed technique, a set of ref- 
erence harmonics would be generated 
based on the timing signal. The phase of 
each harmonic would be an integral multi- 
ple of that of the fundamental. The har- 
monic spectrum would be very sparse, 
comprising a real and an imaginary value 
at each integral multiple of the frequency 


of rotation of the pump. A simple algorithm 
would generate the real and imaginary 
values from the fundamental-frequency 
real and imaginary values. 

The cross-correlation of the reference 
harmonic spectrum with the Fourier-trans- 
form data would provide the coherence 
spectrum, which, when multiplied by the 
data-channel power spectrum, would pro- 
vide the powers at the harmonic frequen- 
cies. This spectrum can be carried as far 
as necessary to cover the range of fre- 
quencies included in the Fourier-transform 
data. 

This work was done by James R. Fenwick 
of Rockwell International Corp. for Marshall 
Space Right Center. No further documen- 
tation is available. MFS-29401 
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Self-Aligning Robotic End Effector and Receptacle 

Congruent surfaces provide alignment for gripping, installation, and removal. 


Goddard Space Flight Center, Greenbelt, Maryland 


An industrial-robot hand (end effector) 
and a mating receptacle include congru- 
ent male and female conical and V-shaped 
surfaces for positive alignment. The recep- 
tacle is part of an object to be removed 
from a fixed position, transported, and in- 
stalled in another fixed position — for ex- 
ample, during an assembly process. The 
end effector grasps the receptacle firmly 
for transport, and a tool in the end effector 
loosens or tightens a mounting screw in 
the object during removal or installation, 
respectively. 


V-Shaped 



ALIGNMENT SURFACES OF 
END EFFECTOR 


V-Shaped 

Ridge 

Conical 

Plug 

V-Shaped 

Groove 



Receptacle 



APPROACH WITH 
LATERAL MISALIGNMENT 



AFTER CONTACT, 

WITH LATERAL MISALIGNMENT 



COMPLETION OF APPROACH 
AND ALIGNMENT 


Figure 1. The Surfaces of the End Effector 
and Receptacle are keyed to each other for 
automatic alignment. 


The robot hand, which is at the end of a 
remote manipulator, is observed via televi- 
sion and guided by manual joystick control 
to approximate alignment within about 0.5 
in. (13 mm)of the receptacle. An automatic 
electronic “feeling” system then takes 
control and quickly performs the precise 
final alignment similarly to the way in which 
a human technician aligns and pushes to- 
gether mating parts. When the mating con- 
ical surfaces first make contact (see 
Figure 1), the control system responds to 
signals from force and torque sensors in 
the end effector by moving the end effector 
slightly sideways to reduce the contact 
forces and torques to zero. As the end ef- 
fector moves farther into the receptacle, 
contact is made and broken repeatedly in 
this manner. 

The end effector is also rotated about its 
conical axis, and contact forces and 
torques are used to detect the alignment of 
the V-shaped surfaces. When the end ef- 
fector and the receptacle are pushed all 


the way together and all mating surfaces 
are precisely aligned after the final con- 
tact/repositioning cycle, the force/torque 
system senses only an axial contact force. 
The contact/repositioning cycles are so 
brief that to a human observer the align- 
ment process appears to be a smooth mo- 
tion. 

The end effector includes parallel grip- 
ping jaws equipped with lifting pins, which 
are inserted in opposing holes on the re- 
ceptacle once alignment is achieved (see 
Figure 2). While the receptacle is thus 
gripped, the object can be moved about or 
held fixed while an alien wrench or similar 
tool engages a mating recess in the head 
of the mounting screw. A remotely con- 
trolled motor in the end effector turns the 
tool to tighten or loosen the screw. 

This work was done by Glen J. VanSant 
and Eugene G. Gibbs of RCA Corp . for 
Goddard Space Right Center. For fur- 
ther information, Circle 49 on the TSP Re- 
quest Card. GSC-13152 



Figure 2. Lifting Pins Are Inserted in the receptacle to lock the end effector and receptacle 
together. The tool can then turn the mounting screw, and the end effector can lift the object. 
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Endjoints for Structural Elements 

Struts are joined easily and rapidly to make frames. 


Langley Research Center, Hampton, Virginia 



A Node With Tapped Holes can be attached rapidly to as many as 18 struts. 


An endjoint and connecting-node sys- 
tem has been designed for use in the erec- 
tion of frames. The design (see figure) in- 
cludes an approximately spherical node 
with flat facets and tapped holes positioned 
at 45 ° to one another to provide for 18 bolt- 
ed strut connections equally spaced over 
its surface. The design also includes fit- 
tings for attaching the nodes to strut ele- 
ments. 

The strut connection is constructed to 
facilitate rapid assembly or disassembly of 
the frame. The joint system utilizes internal 
latch mechanisms housed in the struts. A 
strut connection can be made quickly and 
simply by positioning the two mating fit- 
tings together and rotating the cammed 
ring to lock them into place. 

The system is structurally sound and 
simple to operate. All nodes and struts are 
interchangeable. Nodes and struts can be 
attached to form cubic cell structures to 
produce beams, platforms, towers, or com- 
binations of these. In addition to the 18 flat 
facets with tapped holes, the node con- 
tains 8 additional tapped holes at the cubic 
diagonal locations, which may be used to 
attach payloads either within or outside 
previously assembled cubic cell struc- 
tures. 

Although intended as an endjoint sys- 


tem for space-station construction, this de- 
sign is suitable for use in the construction 
of other space structures and such terres- 
trial skeletal frameworks as antenna-re- 
flector supports, roof structures for large 
buildings, lookout towers, radio-transmitter 
towers, powerline pylons, and scaffolds. 

This work was done by Harold G. Bush 
and Martin M. Mikulas of Langley Re- 
search Center and Richard E. Wallsom of 


PRC Kentron, Inc. No further documenta- 
tion is available. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 22]. Refer to LAR-13564. 


Ultraclean Radiant Furnace 

Cooling of the walls minimizes contamination from outgassing. 
Marshall Space Flight Center, Alabama 


A relatively-inexpensive radiant furnace 
can bring a specimen in a controlled at- 
mosphere to a temperature higher than 
was previously attainable — nearly as high 
as the maximum operating temperature of 
the heating element. The heating element 
can be made of a refractory material like 
tungsten, molybdenum, graphite, or silicon 
carbide, or could consist of a plasma or 
electric arcs. The furnace distributes heat 
fairly uniformly over the surface of the 
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specimen. 

The heating element is kept in its own 
protective environment, distinct from that 
surrounding the specimen. The wall that 
surrounds the specimen is kept substan- 
tially cooler than the heating element or the 
specimen. 

The furnace includes three coaxial 
tubes (see figure). The outer tube is sealed 
at its ends to the intermediate tube, form- 
ing a closed chamber filled with a gas that 


protects the heating element — for a tung- 
sten element, a good choice is a halogen- 
ated gas. In advanced versions of the fur- 
nace, the outer tube could be designed to 
reflect or reradiate heat onto the speci- 
men. 

The intermediate tube surrounds the in- 
ner tube, which contains the specimen. 
These tubes are made of a transparent 
material like fused quartz or sapphire so 
that maximum energy reaches the speci- 
men. Coolant flows through the space be- 
tween the inner and intermediate tubes. 
The coolant maintains them at or below 
room temperature, despite the intense 
radiation. The vapor pressure of the inner 
tube is therefore kept extremely low, and 
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A Tube Within a Tube Within a Tube, the furnace provides separate environments for the heating element and the specimen. Coolant flowing 
between the intermediate and inner tubes keeps the temperature of the inner tube low, despite the extremely high temperature of the speci- 
men within it. 


as a result, the atmosphere of the inner 
tube is not contaminated by vapor from the 
wall. Processes of extremely high purity 
can therefore be carried out in the speci- 
men. 

In a prototype of the furnace, a speci- 
men in an inner tube with an inner diameter 
of 6 mm was heated electrically via a coil of 


tungsten/3-percent rhenium ribbon. Al- 
though the available power was limited, the 
temperature of the specimen reached 
1,885 K. The temperature of the coolant at 
the outlet was 748 K — believed to be sub- 
stantially higher than the average tempera- 
ture of the wall of the inner tube. In a fully 
developed version of the furnace, it should 


be possible to heat a sample to 3,000 K in 
about 10 seconds. 

This work was done by David W. Blair of 
Princeton Scientific Enterprises for Mar- 
shall Space Right Center For further in- 
formation, Circle 28 on the TSP Request 
Card. 

MFS-26070 


Nondestructive Inspection of Foam and Multilayer Insulations 

Electromagnetic and electrostatic sensors probe hidden surfaces and layers. 


Marshall Space Flight Center, Alabama 


Figure 1. The Prototype Equipment includes a probe head, several electronic modules that 
take measurements via electromagnetic and electrostatic sensors in the probe head, a 
small computer to store and process the signals from the modules, and a printer. 


Techniques and equipment undergoing 
development will enable the nondestruc- 
tive inspection of sprayed-on foam and 
multilayer reflecting thermal insulations on 
metallic substrates. Intended originally for 
the testing of thermal-protection systems 
on spacecraft, this technology also could 
be applied in factories and laboratories; for 
example, to inspect insulation on cryogen- 
ic tanks and pipes. 

The prototype equipment (see Figure 1) 
can measure the overall thickness of foam 
insulation or the overall thickness, thick- 
ness between individual reflecting layers, 
locations of gaps, and/or amount of corro- 
sion of multilayer reflecting insulation. The 
properties of the insulation are calculated 
from the responses to excitations applied 
to the insulation via inductive and capaci- 
tive sensors mounted in a common probe 
head (see Figure 2). In an inductive meas- 
urement, eddy currents are generated in 
the metallic layer of interest to sense the 
location of the layer or the size and/or loca- 
tion of a discontinuity, The eddy currents af- 
fect the complex impedance of the probe 
coil, which can be measured and proc- 
essed along with ancillary calibration data 
to infer the quantity of interest. 


For example, the complex impedance 
of one of the coils when excited at a fre- 
quency of 10 kHz is a known function of the 
distance of the coil from the metallic sub- 
strate and can, therefore, be used to infer 
the thickness of the insulation. The 10-kHz 
frequency was selected because it makes 
the measurement relatively insensitive to 
thin intervening reflecting layers and can, 
therefore, be used on both types of insula- 
tion. Because inductive measurements at 
200 kHz are sensitive to the reflecting 
layers, they are used to measure gaps in 


multilayer reflective insulation. 

The capacitive electrodes at the end of 
the probe head are excited at 1 MHz to 
serve as a proximity sensor. The capaci- 
tance between the electrodes is affected 
by the distance to the nearest conductive 
surface and/or the presence of dielectric 
material. The capacitance is measured to 
detect contact with foam insulation, to 
measure the thickness of foam insulation, 
or to measure the distance to the outer- 
most layer of multilayer reflective insula- 
tion. 
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If contact tabs from the individual re- 
flecting layers are brought out at the edge 
of multilayer insulation, the capacitances 
between layers can be measured to infer 
the distances between layers and the 
overall thickness. The capacitance be- 
tween the metal coats on the two surfaces 
of the plastic sheet in each layer can also 
be measured. This capacitance can be 
compared with the value measured im- 
mediately after manufacture to determine 
the amount lost due to loss of the reflective 
coatinc through corrosion. 

Alsc tested, but not included in the capa- 
bilities of the prototype, are an acoustical 
technique and a technique of real-time hol- 
ographic interferometry combined with 
thermal probing to detect poor adhesion 
between foam insulation and a substrate. 
The ability of the acoustical technique to 
yield quantitative determinations of the 
degree of adhesion is limited. The holo- 
graphic technique is more promising in this 
regard and is more likely to be included in 
subsequent versions of the testing equip- 
ment. 

This work was done by Dennis R. 
Krause, Robert J. Bauman, and Thomas J. 
Davis of Spectron Development Labora- 
tories, Inc., for Marshall Space Right 
Center For further information, Circle 21 
on the TSP Request Card. 

MFS-27199 



Figure 2. The Probe Head of Figure 1 contains two inductors and two plates of a capacitor. 
These elements are excited at various frequencies to obtain the various measurements. For 
example, a simple measurement of capacitance and the known properties of the equivalent 
circuit shown below can be used to determine the distance from the probe to the outermost 
layer of multilayer reflective insulation. 


Plating Repair of Nickel-Alloy Pressure Vessels 

Localized plating builds up wall thickness. 


Marshall Space Flight Center, Alabama 

A procedure for the localized electro- 
deposition of nickel enables the repair of 
small damaged nickel-based pressure ves- 
sels. Electrodeposition can restore weak- 
ened areas of a vessel wall to at least their 
former strength. 

The area to be repaired is cleaned and 
sanded. An open-bottom box is placed 
around the area to be repaired (see figure). 

Electroplating solution enters the box, flow- 
ing over and under an electrode shaped to 
accommodate the area to be repaired. 

Nickel is deposited from the solution onto 
the wall to a typical thickness of 0.17 to 
0.23 in. (4.3 to 5.8 mm). The edge of the 
plated layer is ground and sanded to blend 
smoothly into the surrounding unplated 
surface. 

This work was done by Steve K. Ricklefs 
and Kevin M. Chagnon of Rockwell Inter- 
national Corp. for Marshall Space Right 
Center. For further information, Circle 7 on 
the TSP Request Card. 

MFS-29304 


An Electroplating Box Fits around the 
damaged pressure vessel. The plating 
anode is shaped to cover approximately 
the area to be plated. 
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Compact Right-Angle Connector 

Part of a stack of adaptive fittings is eliminated. 


Lyndon B. Johnson Space Center, Houston, Texas 


A new right-angle connector between a 
hose and a “quick-disconnect” coupler is 
smaller and simpler than its predecessor. It 
employs fewer parts and is therefore cheap- 
er and less likely to leak. 

The new connector (see figure) consists 
of only two major parts: 

1 . A cast stainless-steel tube elbow with ma- 
chined sealing surfaces for the mating 


parts, and 

2. A nut that provides sealinq torque and is 
permanently attached to the elbow with a 
lockwire. 

In contrast, the old connector included a 
double-swivel-nut elbow and, therefore, 
needed a tube coupling and a large hex 
union to adapt to the hose assembly. Both 
the old and new connectors accommo- 


date an in-line filter. 

The new connector is unusual in that it 
has both an internally threaded tube on its 
solid end and a 37° flare-type tube fitting in- 
side the swiveling end. Elbows with this 
combination of ends are not stock items. 

This work was done by Salvador L. 
Barajas and Vonde E. Pierson of Rockwell 
International Corp. for Johnson Space 
Center. For further information, Circle 153 
on the TSP Request Card. 

MSC-20697 


THE BATTERY FOR 
AUTOMATED 
PRODUCTION 
IS NOW 

IN PRODUCTION 



It’s called the B-35 ^PowerCell™. A CMOS backup battery 
that you can handle just like any other component. It is tape 
mounted for automatic insertion. It can be wave soldered. 
And, it withstands all normal flux cleaning and board drying 
procedures. 

The B-35 has the same reliable Lithium-Iodine chemistry 
that is the number one choice for cardiac pacemakers. A 
performance study of over one million batteries in use shows 
a useful life of more than 20 years can be predicted. 

The B-35 has 35 milliamps-hours capacity. Enough for 
most CMOS backup applications. Although not tape 
mounted, higher capacity models (to 1 amp-hour) are 
available with all the other production advantages of the B-35, 

For more information, call (301) 296-7000, ext. 304. 



/.CATALYST RESEARCH 

J \ A DIVISION OF MINE SAFETY APPLIANCES COMPANY 

1421 Clarkview Road Baltimore, MD 21209-9987 (301) 296-7000 ext 304 



The New Right-Angle Connectoi has about 
half the volume and weight of the old con- 
nector. Flared-tube sealing and boss-tube 
sealing are combined in the new elbow. 
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Improved Algorithm for Finite-Field Normal-Basis Multipliers 

Self-dual normal bases reduce mathematical complexity. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 

An improved algorithm reduces the 
complexity of the calculations that must 
precede the design of Massey-Omura fi- 
nite-field normal-basis multipliers, which 
are used in error-correcting-code equip- 
ment and cryptographic devices. This al- 
gorithm represents an extension of the 
development reported in “Algorithm To De- 
sign Finite-Field Normal-Basis Multipliers” 

(NPO-17109), NASA Tech Briefs , Vol. 12, 

No. 5, page 82. 

As described in the earlier article, the 
design of a multiplier requires a product 
function defined by a Boolean matrix. The 
product function is, in turn, found via an al- 
gorithm that generates a normal basis {a} 
and its dual basis {/?} in a Galois field GF 
(2™). It has been known for more than a 
decade that if m is odd, there exists a self- 
dual normal basis in GF(2 rTT ). Since the de- 
velopment of the previous algorithm, it was 
discovered that a self-dual normal basis 
yields a symmetrical Boolean matrix, and 
consequently, the construction of a prod- 
uct function for a self-dual normal basis is 
simpler than for an arbitrary normal basis. 

The new algorithm (see figure) com 
structs the symmetrical Boolean matrix Q 
for odd m. It starts with the choice of any 
element Q in GF(2 m ). Using a new subalgo- 
rithm, it finds the vector b and the matrix B , 
which are_ related to a basis {/*}. It checks 
whether B is invertible: If so, then {8} is a 
normal basis; if not, then another 0 is 
chosen, and the process repeats until the 
resulting B is invertible. Then using a 
theorem that_expresses the relationship 
between {/*}, B, and (0), the algorithm cal- 
culates {/3}, which has become a self-dual 
normal basis. Finally, using procedures 
similar to those of the previous algorithm, 
the new algorithm sets up Q. 

The complexity of a Massey-Omura 
multiplier depends on the number of ones 
in Q: this number is smaller in a Boolean 
matrix generated from a self-dual normal 
basis than in a Boolean matrix generated 
from an arbitrary normal basis. In addition, 
the time required to construct Q can be 
reduced to one-third of that required for an This work was done by C. C. Wang of oratory. For further information, Circle 76 

arbitrary normal basis. Caltech for NASA's Jet Propulsion Lab- on the TSP Request Card. NPO-17225 
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The New Algorithm generates a symmetrical Boolean matrix Q, starting with the choice of 
any element 6 in GF{ 2 m ). 
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Mandrels for Microtextured Small-Vessel Implants 

A surface-relief pattern should encourage growth of a healthy neointima. 


NASA 's Jet Propulsion Laboratory, Pasadena, California 



Microscopic Pillars are created on the surface of PTFE by Impacts of argon ions through a 
photomask. Pillars about 30 high are produced in 15 minutes of etching. 


Research has shown that artificial 
blood-vessel and heart-valve implants 
might be made more compatible with their 
biological environments by the use of regu- 
larly microtextured surfaces. In an experi- 
mental manufacturing process, an ion 
beam etches a patterned array of small 
pillars on the mandrel used to mold a tubu- 
lar plastic implant. The pillars create tiny, 
regularly spaced holes in the inner surface 
of the tube. The holes are expected to pro- 
vide sites for attachment of a healthy lining. 

The human body naturally tries to incor- 
porate a vascular prosthesis by encapsu- 
lating it in living tissue — neointima — by 
the deposition of various components of 
the blood on the implant material. In con- 
ventional prostheses, the intima can be- 
come overdeveloped or become detached, 
causing obstructions of the implant or in 
small blood vessels downstream. The new 
microtextured implants should hold the 
neointima securely, without danger of de- 
tachment or overdevelopment, especially 
in vessels having internal diameters of only 
6 mm or less, which are particularly vulner- 
able. 

Polytetrafluoroethylene (PTFE) is used 
as the mandrel material because it can be 
etched by an ion beam. The PTFE is first 
coated with a film of gold so that a photore- 
sist will adhere to it. The photoresist is ap- 
plied, cured, and exposed with ultraviolet 
light through a mask containing a square 
array of hexagons 9 ym on a side, spaced 
at lOOjm The photoresist is developed 
and rinsed, leaving a pattern of hexagons 
on the mandrel. An argon-ion beam direct- 
ed at the mandrel removes PTFE only 


where it is not covered by photoresist. Hex- 
agonal pillars are thus formed (see figure). 

In production, a tube of a biologically 
compatible polymer would be cast on a 
mandrel. The inner surface of the tube 
would be covered with an array of hex- 
agonal holes corresponding to the pillars 
on the mandrel. Many tubes could be 
made from one mandrel. 

This work was done by William D. 
Deininger and Stephen B. Gabriel of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. For further information, Circle 142 on 
the TSP Request Card. 

Title to this invention has been waived 
under the provisions of the National Aero- 


nautics and Space Act [42 U.S.C 2457(f)], 
to the California Institute of Technology. In- 
quiries concerning licenses for its com- 
mercial development should be addressed 
to 

Edward Ansell, 

Director of Patents and Licensing 
Mail Stop 301-6 

California Institute of Technology 
1207 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16690, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


Multimembrane Bioreactor 

Metabolizing cells are well nourished while inhibiting products are removed. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A set of hydrophilic and hydrophobic 
membranes in a bioreactor allows the 
product of the reaction to be separated, 
while nutrients are fed to the reacting cells 
and byproducts are removed from them. 


The separation process requires no exter- 
nally supplied energy; the free energy of 
the reaction is sufficient. 

The membranes greatly increase the 
productivity of metabolizing cells by contin- 


uously removing the product and byprod- 
ucts, which might otherwise inhibit the 
reaction, and by continuously adding ox- 
ygen and organic nutrients. The mem- 
branes also allow the use of product-ex- 
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Three Membranes Perform Different Func- 
tions so that cells can metabolize efficient- 
ly. The membranes have been used to make 
ethanol, and the principle is adaptable to 
other biological reactions. 


traction solvents that would otherwise kill 
the cells. 

In production of ethanol by fermenta- 
tion, for example, the membranes remove 
the C0 2 byproduct rapidly. If C0 2 were al- 
lowed to accumulate, it would displace the 
liquid around the cells in a few hours and 
stop the reaction. The membranes remove 
the ethanol product from the cells so that it 
cannot build up and inhibit cell metabolism. 
The ethanol is carried away by tri-normal- 
butyl phosphate (TBP), a solvent that would 
poison the yeast if it came in direct contact, 
but from which the product can be sepa- 
rated more simply and economically than 
from water. 

A layer of yeast cells in water is sand- 
wiched between a hydrophobic mem- 
brane and a hydrophilic membrane (see 
figure). Oxygen enters the cell layer 
through the upper hydrophobic membrane 
(which prevents water from leaving the cell 
layer). C0 2 leaves the layer through the up- 
per hydrophobic membrane and is swept 
away by the gas stream that brought the 
oxygen. 

The hydrophilic membrane readily ac- 
cepts the glucose nutrient in water solution 
for admission to the cell layer. The ethanol 
product leaves the cell layer through the 
hydrophilic membrane and continues 
through the water to the lower hydrophobic 
membrane, after which it is carried off by 
the flowing TBP solvent. The lower mem- 
brane does not allow the glucose solution 
to pass through to the TBP nor the TBP to 
pass through to the glucose solution, pro- 
vided that the pressure of the aqueous so- 
lution is greater than that of the solvent so- 
lution but less than the critical pressure 
above which it would enter the membrane. 

The membranes are made of micropo- 
rous polypropylene film, each treated to 
give the special properties needed for its 
function. The upper hydrophobic mem- 
brane is Celgard 4410 (or equivalent), 
which is a gas-permeable, water-repellent 
film previously used to make vents in bat- 
teries. The middle (hydrophilic) membrane 
is a water-wettable film of Celgard 5511 (or 
equivalent) previously used in sterile pack- 
aging. The lower hydrophobic membrane 
is Celgard K442 (or equivalent), a newly-de- 
veloped water-repellent film sandwiched 
between two polypropylene webs that pro- 
vide additional mechanical strength. 

This work was done by Toohyon Cho 
and Michael L Shuler of Cornell University 
for NASA’s Jot Propulsion Laboratory 
For further information, Circle 18 on the 
TSP Request Card. 
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From Frogs To FMEA 

National Technical Systems analysis features some of the 
knows almost as much about world’s most sophisticated 
a swamp as frogs and other equipment: a 40,000 force-lb. 
amphibians do. It’s part of shaker, 1000 g's centrifuge, 
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1536 East Valencia Dr., Fullerton, CA 92631, 
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New on the Market 




BYTEK Corp., Boca Raton, FL, has 
unveiled the 135-H MultiProgram- 
mer™, a 32-pin GANG/SET (DEPROM 
programmer that offers universal 
device support, including Program- 
mable Logic Devices and Bipolar 
PROMs. The 135-H features four 
operating modes: stand-alone pro- 
gramming including data editing, 
splitting, and shuffling; computer 
remote control; terminal mode; and 
menu-driven operation using BY- 
TEK's PROMSoft™ PC-compatible 
software, which allows users to edit 
full screens of program data or store 
data files. The programmer is com- 
patible with both DATA I /O® compu- 
ter remote control and PROMlink® 
Circle Reader Action Number 788. 



The Modem Security Device (MSD) 
from B&B Electronics, Ottawa, IL, 
protects computers or private bulle- 
tin boards from hackers and compu- 
ter viruses via a callback method that 
limits access to valid users at the cor- 
rect phone number. MSD intercepts 
each call as it reaches the modem and 
asks for a password. After the caller 
enters a proper password and hangs 
up, the device dials the phone num- 
ber stored in its memory that matches 
the password. The user at that num- 
ber is then allowed computer access. 
The MSD works with most stand- 
alone modems that employ the "AT 
Command Set." 

Circle Reader Action Number 794. 


The MK4 GRINDO-SONIC nonde- 
structive materials testing system from 
CNS Inc., Fullerton, CA, rapidly and 
accurately determines resonant fre- 
quencies and moduli of metals, cera- 
mics, composites, plastics, and con- 
crete. The instrument can be used at 
both high and low temperatures, and 
its readings can be correlated with 
composition, mechanical properties, 
and microstructure. On a thin 4340 
steel bar, for example, it can differen- 
tiate between the microstructures 
resulting from tempenng at 399°C and 
427G. 

Circle Reader Action Number 784. 



LO/MIT-1, a radiant barrier coating for 

energy conservation and light reflec- 
tion, has been introduced by the Solar 
Energy Corp. (SOLEC), Princeton, Nj. 
Designed as a low-cost substitute for 
metallic foils or metallized plastic films, 
the coating features high temperature 
tolerance, excellent adhesion, and the 
ability to produce uniformly low 
emissivities on a variety of substrates. 
Lab tests on glass substrates show 
emissivities lowered from 0.86 to 0.22, 
and spectal reflectivity increased from 
7.3% to 85%. LO/MIT-1 can be ap- 
plied using spray techniques for about 
five cents per square foot in material 
costs. 

Circle Reader Action Number 780. 



The SAGA 4000 digital flowmeter 

from Ion Track Instruments, Burl- 
ington, MA, offers microprocessor ac- 
curacy for such applications as instru- 
ment calibration and sampling pumps. 
The portable unit measures volumetric 
flow rates for any gas or gas mixture 
over a range of 0.1 to 500 ml/min., 
with + 3% accuracy, according to the 
manufacturer. The SAGA 4000 fea- 
tures four pairs of transmitters and 
receivers along a calibrated verticle 
tube. A soap bubble created using the 
gas being measured floats up through 
the tube, triggering an internal quartz 
clock which measures the rate of the 
bubble's assent. This signal is transmit- 
ted to the SAGA 4000's micropro- 
cessor, which displays the flow rate on 
its LCD screen. 

Circle Reader Action Number 782. 


An incremental optical encoder fea- 
turing single-LED optics, a resolution 
of 524,288 counts per revolution, and 
accuracy to 2 arc seconds bit-to-bit 
rms has been introduced by the BEI 
Motion Systems Company's Digital 
Products Div., Little Rock, AR. 
Targeted for rotary table, rate table, 
and air bearing applications, the 
5VL670 series encoder accurately 
converts rotary position change into 
a complementary digital output signal 
that can be used for position or mo- 
tion sensing control. Single, thru, and 
hollow shaft designs are available, 
with a selection of line driver outputs. 
Circle Reader Action Number 792. 



A new infrared microscope from 
Minarad Systems Inc., Fairfield, CT, 
provides temperature measurements 
of targets as small as 0.01 mm. 
Designated the Model MR- 100, the in- 
strument features a standard calibra- 
tion range of 1 5°C to 1 65°C, with op- 
tional extensions to 2500°C. Target 
temperature and emissivity setting are 
displayed digitally. Applications in- 
clude thermal analyses of microcir- 
cuits, thermal profiles of rotating 
machinery, and transient temperature 
studies. 

Circle Reader Action Number 786. 


XonVu, a software program that 
simulates space as seen from the 
Voyager and Giotto spacecraft, is 
now available from XonTech Inc., 
Van Nuys, CA. Originally developed 
at NASA's jet Propulsion Laboratory 
for mission analysis, XonVu features 
detailed graphics of spacecraft, plan- 
ets, moons, stars, landmarks, rings, 
and the sun. The motions of the 
bodies are highly accurate, with 
errors no greater than 500 kilometers, 
according to the manufacturer. Xon- 
Vu, which can be run by a novice as 
well as a professional astronomer, 
comes with an extensive user's manu- 
al and requires an IBM PC/XT/AT 
or compatible computer with 51 2K 
RAM, DOS 2.0 or higher, and CGA, 
EGA, or Hercules graphics. The pro- 
gram costs $79. 

Circle Reader Action Number 800. 



The Hot Shot® Pro, a handheld, non- 
contact thermometer from Capintec 
Instruments, Ramsey, NJ, can per- 
form + 1 % readings on a heat source 
from 16 feet away. Accurate from 
-45.6°C to +1371°C, the thermo- 
meter records up to 1000 readings for 
logging or review. As an automatic 
data sampler, it takes readings at 
preset intervals from a half second 
to eight hours. Other features in- 
clude automatic emissivity adjust- 
ment, auto-off power saving, battery 
life warning, and analog output. 
Circle Reader Action Number 798. 



An ultra-high-resolution color display 
system for IBM AT, PS/2 and compati- 
ble computers has been developed by 
the Computer Graphics Division of 
Lundy Electronics & Systems Inc., Glen 
Head, NY. The Lundy Model 1612 
features a flicker-free 19 inch color 
raster monitor with 1600x1200 resolu- 
tion, a graphics controller, and support 
for graphics standards such as DGIS 
and MS-Windows™. The system sells 
for $9,950. Applications include 
CAD/CAE, scientific and military simu- 
lation, medical imaging, mapping, and 
advanced desktop publishing. 

Circle Reader Action Number 778. 



The Delker Corp., Branford, CT, has 
developed precision-expanded metal 
foils for lightning protection and 
shielding of composite aircraft. Micro- 
Grid™ foils are produced from a sol- 
id sheet of metal that can be easily 
shaped, molded, and incorporated 
into the aircraft skin. This single-piece 
design eliminates the problem of con- 
tact resistance that can build between 
the individual wires of woven 
materials. Delker's mesh-like foils — 
which are made from aluminum, 
copper, or any other base metal, 
precious metal, or alloy— can also be 
applied in composites to shield elec- 
tronic components on aircraft. 
Circle Reader Action Number 796. 
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If you can only *| 
attend one space • 
conference this 

* *1 

year — this is '•;! 

the one. ^ 
—Astronaut 
Gene Cernan 


? > 


Program Participants include: 


Join the key civit. military, commercial and international 

. ■* , 

space policy makers at the Broadmoor Hotel in Colorado 


Springs 


Colorado, /Rcgistratibh fees:', $525. deduced /Fees; 
•• V.. ^ V’ 

fiw^ovtr'nment.and military; $291' To register, or. for more* 


inform; tiori, call oi* write The O.S. Spaa Foundation. 


must 


UNITED STATES SPACE FOUNDATION 
Post Office Box 1838 
Colorado Springs, CO 80901 
® (719) 550-1000 




and design donated by Howard Cook Circle Reader Action.*!*- 586 


DR. CARL SAGAN, Dir.. Laboratory for Planetars 
Studies, flomrlt Cnhrr si t y: DR. EDWARD 
TELLER, Dir. Emeritus. Lawrence Livermore 
Natl Lab: DR. RICHARD GAR WIN, IBM Fellow 
IBM T.J. Matson Research Center: GEN. JOHN 
L. PIOTROWSKI, CINC, I S. Space GmimamL 
LT. GEN. GEORGE MONAHAN. JR.. Dir. 
SDH) LT. GEN. DONALD KLTYNA, Com- 
mander, AF Spaa* Gmunand; DR. DAWD >&EBB, 
Member. Nat l Commission on Space; DR. 
ROBERI BARTH ELEMY, Dir, Nat l Aerospace 
Plane Project: NORMAN AUGUSTINE, Chair 
man/CEO. Martin Marietta: DR. JAMES 
HITCHER, WS\ Administrator. ROY GIBSON, 
Former Dir. British Natl Space Centre: TOM 
MOSER, Space Station Program Dir.: CRAIG 
COVAULT, Sr. Space Technology Editor. Aviation 
Week & Space Technology: Astronauts DEKE 

SLAYTON, WALLY SCHIRRA, BUZZ 
ALDRIN, GENE CERNAN, JIM IRWIN, 
JOE ALLEN, "OX" VAN HOFTEN and 
CHARLES CONRAD, JR. 







Free guide to 

fittings and couplings for 
plastic tubing. 28 pages 
of quality products for 
flexible and semi rigid 
plastic tubing, '/ 16" to 
Vs" ID. 


COLDER PRODUCTS CO. 

. 2367 University Ave. » St Paul. MN 55114 » Call: 612-645-0091 


Circle Reader Action No. 517 


Introducing Mikron M90 . . . 
the ideal research thermometer! 


• Accurate 
» Convenient 
► Non-contact 


• Displays temperature 
reading in both through- 
lens view finder and the 
rear window 

• Provides push-button 
selection of peak, valley 
average temperature 

• Focusses sharply 
on targets 

• Has digital and analog 
outputs 

Models available for 

temperatures from 

-60°F to 5400 F. 



Mikron Instrument Company. Inc. 

445 West Main Street. Wyckoff. NJ 07481 

Telephone: 201-891-7330 • Toll Free Hot-Line. 800-631-0176 


New on the Market 



A new brushless DC motor with a 
4.8 volt bipolar drive has been in- 
troduced by Eastern Air Devices Inc., 
Dover, New Hampshire. The size-18 
motor provides up to 65 percent ef- 
ficiency, due in part to its low- 
voltage bipolar circuit design, and 
can achieve speeds of 20,000 rpm. 
Installed cost is low because the 
drive circuit is attached directly to 
the motor. Applications include 
blowers, fans, pump drives, spindle 
drives, and medical equipment. 
Circle Reader Action Number 770. 



Minco Products Inc., Minneapolis, 
MN, has invented a flexible re- 
sistance thermometer that conforms 
to curved surfaces and responds to 
temperature changes in as little as 
0.15 seconds. Only 0.7 millimeters 
thick, the thermometer consists of a 
wire-wound sensing element lami- 
nated between layers of Kapton® in- 
sulation. The device offers excellent 
shock, vibration, and chemical re- 
sistance, and can be mounted with 
cements, epoxies, pressure-sensitive 
adhesive, tapes, and shrink bands. 
Circle Reader Action Number 764. 



plug-in replacement for mouse cur- 
sor controllers, is offered by Ever- 
green Systems International, West- 
lake Village, CA. Designed for IBM 
PC/XT/AT and compatible compu- 
ters, the trackball features RS-232 
serial trans/rec lines, selective baud 
rate, and dynamic resolution. In ad- 
dition, the DIAMOND XX emulates 
Microsoft, Mousesystems, Logitech, 
and Summagraphics formats. 
Circle Reader Action Number 762. 


Intelligent I/O™, Tucson, A Z, has 
introduced the IQ-187W, a digital 
I/O board offering 40 channels of 
TTL-compatible signals. Each 8-bit 
channel grouping can be indepen- 
dently programmed for use as either 
an input or output port. Data transfer 
on two of the board's five ports can 
be synchronized to external events 
by utilizing the channels in the fifth 
port as handshake control lines. 
Compatible with standard opto-iso- 
lators, the I/O board can reach 
speeds up to 360 KBytes/sec. 

Circle Reader Action Number 760. 



LeCroyCorp., Chestnut Ridge,NY, is 
offering a free demonstration copy of 
its EASYWAVE® Waveform Creation 
Software. The program, which sup- 
ports LeCroy's 9100 Series Arbitrary 
Function Generators, enables design 
engineers, research scientists, and test 
programmers to create custom digital 
patterns and diverse waveforms with 
5 nsec time resolution, 65 kpoint 
lengths, and voltage swings of up to 
10V p-p. Entire waveforms or wave- 
form segments can be manipulated 
mathematically to produce modula- 
tion and other interactive effects. 
Circle Reader Action Number 790. 



The APP 300, a high-speed machine 
vision system that interacts with per- 
sonal computers, programmable 
controllers, and statistical processing 
control networks, is now available 
from PPT Inc., Minnetonka, MN. A 
20 megabyte hard drive, 3-1/2 inch 
floppy drive, and a microprocessor 
that can handle up to 1,150 asyn- 
chronous images per minute are 
built into the APP housing, elimi- 
nating the need for a an external PC 
and keyboard. Instead, the user 
simply plugs a track ball into the 
unit. The vision system also features 
a frame grabber that provides en- 
hanced graphics, including color 
overlays and frozen windows over 
live images. 

Circle Reader Action Number 766. 
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New Literature 



The 1989 Test And Measurement 
Catalog from the John Fluke Manu- 
facturing Co. Inc., Everett, WA, fea- 
tures descriptions, photos, and order- 
ing information for more than 650 
products in 1 6 categories, including 
oscilloscopes, logic analyzers, board 
testers, recorders, plotters, and soft- 
ware. Available free of charge, the 
520-page catalog integrates the pro- 
duct lines of John Fluke Mfg. and N.V. 
Philips. 

Circle Reader Action Number 702. 



QigaBM Logic offers first GaAs 1C Data Book and 
Designer's Guide 


The GaAs 1C Data Book and Design- 
er's Guide from GigaBit Logic Inc., 
Newbury Park, CA, describes the 
company's PicoLogic™, Nano- 
RAM™, and NanoROM™ lines, ASIC 
products, and foundry services. The 
416-page publication also contains a 
design guide and GigaBit's Reliabili- 
ty and Quality Assurance Handbook. 
Circle Reader Action Number 712. 

"How Will Technology Affect Amer- 
ica In The Next Ten Years?" is the 

title of a new publication from the 
AEG Corp., Somerville, NJ, in which 
experts predict future developments 
in six areas: transportation, automa- 
tion technology, real-time compu- 
ting, computer-aided programming, 
industrial systems, and office ma- 
chinery. Experts include Arthur C. 
Clarke, co-author of 2001 : A Space 
Odyssey; John Diebold, author of 
Beyond Automation; and Charles P. 
Lecht, author of The Waves of 
Change. The four-color booklet also 
describes AEG's activities in the six 
topic areas. 

Circle Reader Action Number 718. 


A free products brochure from the 
Electrophysics Corp., Nutley, NJ, fea- 
tures handheld and head-mounted 
viewers that convert infrared (IR) 
radiation to visible light. The devices 
are useful for observing and analyzing 
the output of IR lasers, laser diodes, 
and IR LEDs emitting in the near in- 
frared. Also described are IR viewing 
television cameras, thermal video 
printers, IR sensitive cards, objective 
lenses, and filters. 

Circle Reader Action Number 716. 



New STD Bus systems and IEEE 488 
interfaces are described in a free 
brochure from the Ziatech Corp., San 
Luis Obispo, CA. The 20-page publi- 
cation reviews the complete line of 
Ziatech products, including single- 
board computers, I/O and develop- 
ment systems, industrial workstations 
and networks, and IEEE interfaces and 
software. 

Circle Reader Action Number 706. 



The properties and applications of 
Tempstran- glass Micro-Fiber are 
detailed in a four-color brochure 
published by Manville, Waterville, 
OH. Inserts describe glass paoer- 
making with Tempstran, and highlight 
advantages the micro-fiber imparts to 
glass papers for high-purity air and li- 
quid filtration, battery separators, 
automotive filtration, printed circuit 
boards, and friction materials. The 
ten-page brochure includes charts 
and scanning electron micrographs 
that illustrate chemical compositions 
of various micro-fiber grades; perfor- 
mance characteristics such as filtra- 
tion efficiency and particle retention; 
operating temperatures; and physical, 
chemical, and electrical properties. 
Cirde Reader Action Number 704. 



A full-color catalog illustrates key- 
locks, illuminated switches, push- 
buttons, controls, and other switch- 
ing products offered by the EAO 
Switch Corp., Milford, CT. Photos, 
technical data, specifications, and ap- 
plications are provided for each pro- 
duct. The 100-page catalog also lists 
types of illumination, lens shapes, and 
accessories. 

Circle Reader Action Number 708. 



A free brochure from Marlow In- 
dustries Inc., Dallas, TX, explains how 
thermoelectric coolers work and de- 
scribes a wide range of applica- 
tions— from stabilizing solid-state 
lasers to cooling infrared detectors 
and charge-coupled devices (CCDs). 
The booklet contains performance 
specifications for 52 standard mod- 
ules, and includes information on 
custom fabrication techniques. 
Circle Reader Action Number 710. 

FERRUPS® —a family of uninterrup- 
tible power systems that protects 
computers and other sensitive elec- 
tronic equipment from sags, surges, 
noise, lightning, blackouts and other 
power problems— is spotlighted in a 
free catalog from Best Power Tech- 
nology Inc., Necedah, Wl. When a 
power outage occurs, a detection cir- 
cuit instantly orders the FERRUPS in- 
verter into action. The inverter trans- 
forms DC power from the batteries in- 
to alternating current (AC), which is 
then fed into a transformer that con- 
ditions the raw current to achieve 
computer-grade uninterrupted pow- 
er. Available in models from 250 VA 
to 15 KVA, FERRUPS offers such ad- 
vantages as fewer data errors, re- 
duced down time, lower service ex- 
penses, and prolonged equipment 
life. 

Circle Reader Action Number 726. 


A new brochure from ZYP Coatings 
Inc., Oak Ridge, TN, illustrates appli- 
cations of Plasma-Alumina powders- 
— hollow spheres of pure aluminum- 
oxide created through an advanced 
plasma process. With a mean particle 
diameter of 6 microns and a bulk 
density of only 1 g/cc, the powder is 
useful as a low-density, high-temper- 
ature filler for refractories, metals, 
plastics, glasses, ceramics, and other 
materials. Due to its microporous 
and hollow geometry, Plasma-Alu- 
mina is a practical support for cata- 
lysts, chemicals, organics, and pol- 
ishing compounds, and can be ap- 
plied in electronics packaging, filters, 
capacitors, and composites. 

Circle Reader Action Number 724. 


The HPS Division of MKS Instruments 
Inc., Boulder, CO, is offering a free 
brochure covering its line of vacuum 
construction components. Included 
are flanges, fittings, flow-actuated 
check valves, safety valves, and cold 
cathode ionization vacuum gauges. 
HPS' custom manufacturing capabili- 
ties and facilities piping services are 
also highlighted. 

Circle Reader Action Number 722. 



A free applications guide offered 
by the Dow Chemical Company, 
Midland, Ml, explains how ETHA- 
FOAM™ polyethylene foams can 
help solve design problems in such 
applications as gaskets, sealants, pipe 
insulation, floor underlayment, seat 
cushions, and padding for sports 
equipment. The four-color guide in- 
cludes technical data on ETHAFOAM 
density range, buoyancy, compres- 
sive/tensile/tear strength, and other 
physical properties. 

Circle Reader Action Number 714. 

ActivfiKer™, an activated carbon im- 
pregnated material that removes 
contaminants, pollutants, irritants, 
and odors, is described in a new data 
sheet from the Lewcott Corp., Mill- 
bury, MA. Activated carbon is a form 
of charcoal in which millions of pores 
combine to create an internal struc- 
ture of interconnected capillary pas- 
sages roughly the size of the mole- 
cules being absorbed. Acting like a 
molecular magnet, the carbon at- 
tracts and traps impurities on its inter- 
nal surfaces. Easy to handle and pro- 
cess, Actifilter features dual filtration 
and a high adsorption rate. 

Circle Reader Action Number 720. 
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First, there 
was the vision... 

History 
Making 
Opportunities: 
Mars 
Observer, 
Space Station 
& Landsat... 
in Princeton, 
New Jersey 

Space exploration began with a vision. The fire of 
imagination - fused with superior technical proficiency - 
leading the way to limitless possibilities. Since the 
nation's first space communications adventure nearly 30 
years ago, GE Astro-Space has been a world leader in the 
design and manufacture of satellites for government and 
commercial communications, meteorological, 
navigational and scientific use. 

And, with over 150 satellites currently circling the globe, 
and long-term, history-making projects such as the Mars 
Observer, Space Station and Landsat, we can offer 
Engineers the kind of rare opportunities that few are 
destined to realize. 

Experienced 

Engineers 

With 

Vision 

Our mission requires the technical proficiency of 
Engineers with a minimum of 3 years experience: 

■ Mechanical Engineers 

Antenna Design 
RF Packaging Design 
Robotics/Mechanism Design 
Spacecraft Attitude Control 


■Systems Engineers 

Spacecraft Power Systems 
Mission Analysis 


■Electrical Engineers/Hardware 
Electronic Packaging 
Harness Design 
ATE/AGE Design 
Power Supply/Analog Design 
Video Design 


■ Integration & Test Engineers 

The 

Rewards 

Our New Jersey location offers all the advantages of 
nearby Princeton, within easy access to New York City 
and Philadelphia. Additionally, selected positions are 
open in historic Valley Forge, PA. And, as the largest 
employer of engineers and scientists in the world, GE 
provides competitive salaries and exceptional benefits 
including tuition refund and continuing education 
programs... so your expertise is always current and 
expanding. 

The Time 
Is Now 

Rush your resume to: Employee Relations, Dept. NTB, 
GE Astro-Space, P.O. Box 800, Princeton, New Jersey 
08543-0800. An equal opportunity employer. 


GE Aerospace 

Astro-Space 

Cross the engineering frontier. 



A 

ACOUSTIC LEVITATION 

Digital controller for 
acoustic levitation 
page 44 NPO-16623 

ACOUSTIC 

MEASUREMENT 

Acoustical measurement 
of furnace temperatures 
page 51 NPO-17007 

ACOUSTIC 
MICROSCOPES 
Thermal -wave 
microscope 

page 56 LEW-14740 

ADAPTIVE CONTROL 

Adaptive control of 
remote manipulator 
page 38 NPO-16922 

Discrete-time model- 
reference adaptive 
control 

page 48 NPO-17062 

AIR PURIFICATION 

Variable-volume 

container 

page 75 MSC-21355 

ALDEHYDES 

Nonaggregating 
microspheres containing 
aldehyde groups 
page 80 NPO-15459 

ALGORITHMS 

Improved algorithm for 
finite-field normal-basis 
multipliers 

page 87 NPO-17225 

ALKALI VAPOR LAMPS 

Current regulator for 
sodium-vapor lamps 
page 26 NPO-18702 

ASBESTOS 

Inspection In overhead 
spaces containing 
asbestos 

page 73 MSC-21362 

AUTOMATIC CONTROL 

Discrete-time model- 
reference adaptive 
control 

page 48 NPO-17062 

AUXILIARY POWER 
SOURCES 

Protection against brief 
interruptions of power 
page 35 NPO-16768 


B 

BALL BEARINGS 

Measuring bearing wear 

via weight loss 

page 77 MFS-29438 

BEARINGS 

Measuring bearing wear 

via weight loss 

page 77 MFS-29438 

BIOREACTORS 

Multimembrane 

bioreactor 

page 88 NPO-17199 

BLOOD VESSELS 
Mandrels for 
microtextured small- 
vessel implants 
page 88 NPO-16690 
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BRUSHES (ELECTRICAL 
CONTACTS) 

Mutllhundred-kllowatt 
rotary electrical-transfer 

page 78 LEW-14269 

c 

CAPACITORS 

Low-inductance 

capacitor for low 

temperatures 

page 30 LAR-13714 

CARBON DIOXIDE 
REMOVAL 

Variable-volume 

container 

page 75 MSC-21355 

CEILINGS 

(ARCHITECTURE) 

Inspection in overhead 
spaces containing 
asbestos 

page 73 MSC-21362 

CENTRIFUGAL 

COMPRESSORS 

Miniature centrifugal 
compressor 

page 78 GSC-13093 

CERAMICS 

Acoustical imaging of 
defects In ceramics 
page 60 LEW-14747 

CIRCUITS 

Current regulator for 
sodium-vapor lamps 
page 26 NPO-16702 

CMOS 

Timing sampler for delay 

measurements 

page 45 NPO-16645 

COMPRESSORS 

Miniature centrifugal 
compressor 

page 78 GSC-13093 

COMPUTERIZED 

SIMULATION 

Isothermal-gas-transfer 

program 

page 64 M SC-2 1400 

CONDUCTIVE HEAT 
TRANSFER 

Electrolytic heat switch 
page 54 MFS-26074 

CONNECTORS 

Compact right-angle 
connector 

page 86 MSC-20697 

CONTAINERS 

Variable-volume 

container 

page 75 MSC-21355 

CONTAMINATION 

Spectrograph measures 
contamination of optical 
elements 

page 58 MFS-26076 

CORRELATION 

Correlation analysis of 
vibration data from 
rotary pumps 
page 79 MFS-29401 

Correlation functions aid 
analyses of spectra 
page 50 NPO-17306 

COUPLINGS 

Compact right-angle 
connector 

page 86 MSC-20697 

Lightweight restraint for 
coupling flanges 
page 75 MSC-21211 

CRACKS 

Ultrasonic detection of 
transply cracks in 
composites 

page 74 LEW-14700 


CRYOGENICS 

Low-inductance 

capacitor for low 

temperatures 

page 30 LAR-13714 

Miniature centrifugal 
compressor 

page 78 GSC-13093 

CRYPTOGRAPHY 

Improved algorithm for 
finite-field normal-basis 
multipliers 

page 87 NPO-17225 

CURRENT REGULATORS 

Current regulator for 
sodium-vapor lamps 
page 26 NPO-16702 


D 

DATA CONVERSION 
ROUTINES 

Transferring lens 
prescriptions between 
lens-design programs 
page 64 N PC- 17093 

DEFECTS 

Acoustical imaging of 
defects In ceramics 
page 60 LEW-14747 

DELAY 

Timing sampler for delay 

measurements 

page 45 NPO-16645 

DELAY LINES 

Delay-line anode for 

mlcrochannel -plate 

spectrometer 

page 24 MFS-26073 


DETONATION 

Inductively-activated 
short -interval timer 
page 28 NPO-16882 

DIGITAL COMMAND 
SYSTEMS 

Digital controller for 
acoustic levitation 
page 44 NPO-16623 

DIGITAL COMPUTERS 

Monitoring the execution 

of a VAX image 

page 68 NPO-17297 

DYNAMIC MODULUS OF 
ELASTICITY 

Calculating dynamic 
shear moduli of 
polymers 

page 62 MFS-28340 



For Thin Films 

CERAC produces the Industry’s larg- 
est selection of powders, granules, 
lumps, pellets, evaporation cones, 
rods, and sputtering targets for thin film 
deposition. Careful manufacturing pro- 
cedures and extensive quality control 
assure consistent purity. 

For Thick Films 

CERAC employs proprietary particle 
sizing techniques to produce low-mi- 
cron particle size metals, alloys and 
compounds, which are ideal for thick 
film paste formulation. CERAC can 
also separate your special powders 


into various size fractions and provide 
you with a complete particle size distri- 
bution curve for lot-to-lot consistency. 

For Specialty Applications 

CERAC can produce virtually any 
physically feasible inorganic com- 
pound in the purity and particle size 
required and fabricate various shapes 
needed for doping and other electronic 
or R&D applications. Call or write with 
your detailed requirements. 


GERAC 


incorporated 


PO Box 1178 • Milw WI 53201 • 414/289-9800 • Telex: RCA 286122 or WU 269452 
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IVIMKIVC I rLMUC To Advertise — Call (212) 490-3999 


HIGH PERFORMANCE , 
HIGH PRECISION 
BALL SCREWS 

Thomson Saginaw 

ball screws give you: j 

• precision - lead accuracies to OOOT'ft. - 
and custom preloads for optimum stiffness 

• smoothness - 90% plus efficiency, zero 
backlash for uniform feed 

• repeatability - precise positioning time 
after time 

• dependable service - operating life 
measured in millions of cycles 

Send your drawings or sketches for a free 
proposal and estimate. Or. ask for our new 
Linear Actuator Technology Guide. Thomson 
Saginaw Ball Screw Company, Inc., P.0. 

Box 9550, Saginaw, Ml 48608. (517) 

776*4123. 


THOMSON SAGINAW 

First in Linear Actuator Technology 


Circle Reader Action No. 573 



Pressure, Flow 
& Temp. Switch 

RELIAQ 

Specify && 
Hydra-Electrijp 


If you have special requirements, we 
can probably save you time and money by s^fying 
them with one of our standard models. They maintain 
their accuracy over many thousands of cycles. The 
"snap-action" disk spring eliminates most problems 
of aerospace pressure switches. 

Ask for your copy of the H-E catalog. 




^ydn4i-&tecfruc 


3151 Kenwood St. . Burbank, CA 91505 

(213)843-6211 8 


PolyAWK' 

The Toolbox Language 


PolyAWK is perfect for data manipulation, 
list parsing and tool building. Its simple 
pattern {action} syntax and default file 
processing (AWK assumes you want to read 
a file one line at a time) means code for even 
complex jobs is just a few lines written in 
minutes. PolyAWK is available in MS-DOS 
($99.00) and OS/2 ($199.00). 

30 Day Money 7 Back Guarantee 

To Order: 1-800-547-4000 Dept. NTB 

Send Checks and P.O.s To: POLYTRON 
Corp., 1700 NW 167 th PI., Beaverton, OR 
97006 (503) 645-1150, FAX (503) 645-4576, 
TELEX 325800 POLYTRON 
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High Quality Software Since 1982 ® 
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IEEE-488 FOR 
PERSONAL COMPUTERS 



• IBM PC, XT, AT and PS/2 

• DMA transfer rates up to 1 M bytes/sec 

• Industry’s best and most extensive software 

• Converters, Controllers, Extenders, 
Analyzer, and Buffer 

• Free technical support and phone call 

• 2 year warranty 

NATIONAL 

W INSTRUMENTS caiifor 

A 7W Software U lb, Imttrumm ™ FREE CatdlOQ 

r 12109 Technology Blvd. 800-531-4742 
Austin, TX 78727-6204 512-250-9119 
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HOW TO PROTECT 
YOUR COMPUTER 

And Make It Last Longer 

FREE money-saving literature. What you need 
to know about UPS — uninterruptible power 
systems. How to get complete protection from 
power line problems. 350 VA through 15KVA 
models from the worlds largest manufacturer 
of single-phase UPS. Best Power Technology, 
Inc. P.O. Box 280, Necedah, WI 54646 
(608) 565-7200 ext. 3654 
Toll Free (800) 356-5794 ext. 3654 
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Ask for Free 
Catalog of 950 UniSlides! 


VELMEX INC. 

P.O. BOX 38 • E. BLOOMFIELD, NY 14443 
TOLL FREE 800/642-6446 
IN N.Y.: 716/657-6151 
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Introducing NASA Tech Briefs 

Bound Volumes 

Your single source for a full year of NASA 
research breakthroughs. 

A complete set of 1986 or 1987 NASA 
Tech Briefs issues can now be yours in a 
beautiful hardcover bound volume with a 
gold-lettered spine. 

Over 900 pages of cutting-edge tech- 
nology in each volume. The perfect gift for 
engineers, scientists, teachers, and 
students; a vital reference tool for years to 
come. 

Special introductory price only $95.00 per 
volume, including FREE delivery. 

Rush me: □ 1986 □ 1987 


Company 

Address 
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Zip 

Phone IS 


Send check or money order to: 

NASA Tech Briefs, Bound Volumes Offer 
41 East 42nd Street, Suite 921 
New York, NY 10017 



Reel Moments: 

A History 
of Flight 
and Space 


From Kitty Hawk to the Space Shuttle, this 
exciting videotape chronicles the successes 
and innovations, the heroes and inventors, in 
air and space travel. Includes vintage newsreel 
footage. (VHS, 40 minutes) $19.95 each plus 
$3.00 postage and handling. 

Name 


Address 
City. 


-State. 


Total Enclosed: $ 

Send check or money order to: 

NASA Tech Briefs, Fulfillment Dept. 

41 East 42nd Street, New York, NY 10017 


NASA Tech Briefs 

Reprints 

Make attractive sales presentations 
for your sales people at meetings and 
shows. 

The reprints are printed in color or 
black and white on quality coated paper . 
Reprints can be ordered as one page or 
in multi-pages. The NTB cover with a 
message streamer may appear as 
page one with the editorial appearing on 
pages 2,3, and 4 or your own messge 
may be reprinted on page 4. 

Call the NTB Production Department 
to customize a reprint for you at (21 2] 
490-3999. Or write to NASA Tech 
Briefs, 41 East 42nd Street, New 
York, NY 1001 7. 
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Multiple-purpose rigid 

foam insulation 

page 62 MFS-28264 


PLATING 

Plating repair of nickel- 
alloy pressure vessels 
page 85 MFS-29304 

POLYIMIDES 

Polymer lubricants for 

use in vacuum 

page 63 LEW-14661 

POLYMER MATRIX 
COMPOSITES 

Ultrasonic detection of 
transply cracks in 
composites 

page 74 LEW-14700 

POWER SUPPLIES 

Protection against brief 
interruptions of power 
page 35 NPO-16768 

PRESSURE SENSORS 

Miniature flow- 
direction/pitot-static 
pressure probes 
page 71 LAR-13643 

PRESSURE VESSELS 

Plating repair of nickel- 
alloy pressure vessels 
page 85 MFS-29304 

PROPULSION 

Combining microwave 
functions to reduce 
weight of spacecraft 
page 48 NPO-16953 

PUMPS 

Correlation analysis of 
vibration data from 
rotary pumps 
page 79 MFS-29401 

R 

RADIANT HEATING 

Ultraclean radiant 
furnace 

page 81 MFS-26070 

RADIATION SOURCES 

Integrated -circuit 
broadband infrared 
sources 

page 32 GSC-13085 


RECEIVERS 

Optical receivers with 

rough reflectors 

page 43 NPO-16664 

REFLECTORS 

Optical receivers with 

rough reflectors 

page 43 NPO-16664 

REMOTE MANIPULATOR 

Adaptive control of 
remote manipulator 
page 38 NPO-16922 

REMOTE MANIPULATOR 
SYSTEM 

Self-aligning robotic end 
effector and receptacle 
page 80 GSC-13152 

REMOTE SENSING 

Phase-modulation gas- 
correlation spectroscopy 

page 52 NPO-17013 

ROBOTICS 

Discrete-time model- 
reference adaptive 
control 

page 48 NPO-17062 

Position-and-di rectlon 
sensor for light beams 
page 24 MFS-29275 

ROBOTS 

Adaptive control of 
remote manipulator 
page 38 NPO-16922 

Self-aligning robotic end 
effector and receptacle 
page 80 GSC-13152 


S 

SATELLITE NAVIGATION 
SYSTEMS 

Simulation of satellite 
trajectories and 
navigation 

page 67 NPO-17442 

SERVOMECHANISMS 
Flight balance for skin- 
friction measurements 
page 72 LAR-13710 



NASA Tech Briefs. ISSN 0145-319X, USPS 750-070, copyright f ' 1989 In U.S.. is published by Associated Business Publications Co., Ltd. 41 E. 42nd St., New York, NY 10017-5391 . The copyrighted information does not 
include the individual Tech Briefs which are supplied by NASA. Editorial, sales, production and circulation offices at 41 E. 42nd Street. New York. NY 10017-5391. Subscriptions for non qualified subscribers in the 
U S.. Panama Canal Zone, and Puerto Rico. $75 00 for 1 year. $125.00 for 2 years. $200 for 3 years. Single copies $10.00 Remit by check, draft, postal or express orders Other remittances at sender's risk. Address all 
communications for subscriptions or circulation to NASA Tech Briefs, 41 E. 42nd Street, New York, NY 10017-5391. Second-class postage paid at New York, NY and additional mailing offices POSTMASTER: please 
send address changes to NASA Tech Briefs, 41 E. 42nd Street, Suite 921, New York, NY 10017-5391. K 


Self-aligning robotic end 
effector and receptacle 
page 80 GSC-13152 

SHEAR PROPERTIES 

Calculating dynamic 
shear moduli of 
polymers 

page 62 MFS-28340 

SIGNAL ANALYSIS 

Correlation functions aid 
analyses of spectra 
page 50 NPO-17306 

SIGNAL PROCESSING 

Acousto- 

optical/magneto-optical 
correlator or convolver 
page 46 NPO-17178 

SIMULATION 

Isothermal -gas-transfer 
program 

page 64 MSC-21400 

SKIDDING 

Tire footprint affects 
hydroplanning on wet 
pavement 

page 70 LA R- 13683 

SKIN FRICTION 

Flight balance for skin- 
friction measurements 
page 72 LAR-13710 

SLIDING CONTACT 

Mutl Ihundred-kl lowatt 
rotary electrical-transfer 

Havipa 

page 78 LEW-14269 

SPACECRAFT DOCKING 

Lightweight restraint for 
coupling flanges 
page 75 MSC-21211 

SPACECRAFT 

PROPULSION 

Combining microwave 
functions to reduce 
weight of spacecraft 
page 48 NPO-16953 

SPATIAL FILTERING 

Acousto- 

optical/magneto-optical 
correlator or convolver 
page 46 NPO-17178 

Liquid-crystal optical 
correlator 

page 42 NPO-16750 

SPECTROGRAPHS 

Spectrograph measures 
contamination of optical 
elements 

page 58 MFS-26076 

SPECTROMETERS 

Delay-line anode for 

microchannel-plate 

spectrometer 

page 24 MFS-26073 

Eight-channel 
spectrometer 
page 40 MFS-29421 

SPECTROSCOPY 

Phase-modulation gas- 
correlation spectroscopy 
page 52 NPO-17013 

SPECTRUM ANALYSIS 

Correlation functions aid 
analyses of spectra 
page 50 NPO-17306 

SPHERES 

Nonaggregating 
microspheres containing 
aldehyde groups 
page 60 NPO-15459 

STRUTS 
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elements 
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Monitoring the execution 
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of furnace temperatures 
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Electrolytic heat switch 
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Tfescom pressure 
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NEW HIGH RESOLUTION CCD CAMERA 
FROM DAGE-MTI. 
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The new Dage-MTI CCD-72 series video camera features 768 x 493 pixels 
with 570 TVL of horizontal resolution, low lag zero distortion and useable sensi- 
tivity to .002fc in a camera body just 1.2" high x 1.7' wide by 4.8" long. 
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CCIR scanning. 

Contact Dage-MTI now for full details. 
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SCIENTIFIC/ENGINEERING 
GRAPHIC TOOLS 

for the IBM PC and compatibles 

FORTRAN/Pascal tools: CRAFMATIC (screen graphics) 
and PLOTMATIC (pen plotter driver) and PRINTMATIC 
(printer). 

These packages provide 2D and 3D plotting capabilities 
for programmers writing in a variety of FORTRAN/Pascal 
environments. We support MS, R-M, LAHEY FORTRAN 
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driven, fully documented integrated scientific graphics. 
Write or call for complete information and ordering 
instructions. 

GRAFMATIC-PLOTMATIC-OMNIPLOT [S] & [P] 
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calling toll-free 1-800- 828-8210 (in New fork State, 
call 1-800-342-4047). 



DIVISION OF MECHANCAL TECHNOLOGY NC 
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AMCU LUMdIINAIIUIN 


CABINET/ COOLING SYSTEM 



Better Fit, Better Performance, Lower Cost and 
Less Problems. 

AMCO manufactures both cooling devices and 
enclosures at the same location. So with one call 
you can get enclosures that are ready for business; 
Equipped with fans, blowers, and accessories for your 
application. You’re assured of perfect fit, plus cost 
savings through our Combination Cabinet/Cooling 
System discounts and Free Blower Installation. 


Blowers are SCFM rated with 20K-50K life expec- 
tancies depending on temperature and conditions. 
Infinite enclosure selections of Type, Style and Color 
—Nearly Five Decades of Leadership. 


Call for free, full 
color catalogs; 

#800A on AMCO 
Modular Enclosure 
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500B Fast Delivery Program 
Call 1-800-833-3156 
In Illinois, 1-312-671-6670* 
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AMCO Engineering Co. 
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Schiller Park, IL 60176-2190 
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i "”i 
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AMCO GETS THERE FIRST 


Interface— New York, NY 3/14-3/16 Booth # 2727 

Qnuthrnn Atlanta HA A79fi«!i7AO Rnnth U 1400 — 1409 







SLIPPAST DANGER WITH 
ASIQN THAT SIDPSTHE STINGS. 

Aerospace designers, paralleling a concept skin would be less vulnerable, too. The engineers 
found in nature, are developing skins for planes are working toward an imbedded system that could 

that help pilots slip past danger. ^ i 1 reroute signals around a damaged 

Mcl )« mnell 1 )< >uglas systems engi- UHhMI ftf|i I surface, allowing the plane to continue 
neers integrate sens< >rs, processors its mission, giving America’s pilots an 

and controls in a special “smart extra edge in combat. 

skin that Could detect hostile forces Fornwe information, write: Smart Skin, 

and create an electronic camouflage. p nw t Forecast II, Mel ),»imH Douglas, 

Unhampered by blind spots, smart I 1 Box 14526, St. Louis. MO 65178. 





The stinging te Maries of the sea anemone 
pose no threat to the clownfish whose skin 
secretes a protective coating. 
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